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ABSTRACT 

This five-part report examines several' aspects of 
science/engineering (S/ E ) education as it relates to S/E manpower 
Part I discusses: .pre-college science/mathematics curricula that have 
a bearing on future career decisions of students and that will 
subsequently affect the supply of scientific/technical manpower; tne 
importance of science/technology in higher education .or the 
scientific/non-scientific student and how this relates to the basic 
technical literacy of the U.S. population; current engineering 
faculty shortage and state of college/university equipment; statu of 
S/E manpower supply/demand, reviewed through S/E degrees awarded and 
numbers of non-U. S. citizens enrolled in and graduating f rom /E . 
schools; and other issues. Part II examines S/E education instruction 
provided in Japan, the Soviet Union, and West Germany and how it 
relates to the technical competence of their general populace. Part 
III presents forecasts .concerning the possible future supply of and 
demand for S/E manpower in the United States, and trends of^the 
future supply of scientists/engineers in the Soviet Union. Part IV , 
examines the^upply of engineers and scientists in the epa 5*^°^ 
Defense in both military and civilian sectors. Part V is a historical 
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FOREWORD 



The current and future conditions of the Nation's scientific and engi- 
neering manpower recently have become a major concern of many educators, In- 
dustrial administrators, Members of Congress and others. There are several 
facets of this issue that have'a bearing on the continuance of this country's 
lead in science and technological innovation and productivity. These include 
the quality and extent of pre-zollege science and mathematics instruction, which 
in large part determines the quality and number of scientifically and techni- 
cally oriented high school students from which most future U.S. scientists and 
engineers must come; the current and potential shortage of high-quality college 
engineering faculty members; the deterioration and obsolescence of scientific 
and technical laboratory equipment in educational institutions; the current and 
potential shortage of manpower perceived in various disciplines of scientific 
and engineering fields; foreign national student enrollment and graduates in 
U.S. science and engineering schools; the unfavorable comparison made, in many 
cases, of U.S. scientific and technical capabilities with other major industrial 
countries; and the current and long-range Impact of the supply and demand of 
scientific and technical manpower on the Nation's economy and security." 

The terms "science" and "engineering," two distinct technical areas, at 
times become blurred in meaning, especially when used concurrently. Science 
has been defined as "the systematic knowledge of the physical world," aad 



(IX) 



7 



(X) 



engineering ** "the knowledge of how to apply science for the use of mankind." 1/ 
Although there are many "historical, cultural, and other differences between 
sclentlst9 and engineers, . . • engineering cannot exist without science and 
conversely, . . . science ... must be mindful of the needs of engineering." 2/ 
ThU report recognizes the differences between the two fields, although the terms 
are used together In most cases. 

This five-part report examines several aspects of science and engineering 
education as It relates to science and engineering (S/E) manpower. Part I dis- 
cusses pre-college science and mathematics curricula that have 3 bearing on 
...future career decisions of students and that will subsequently affect the sup- 
ply of scientific and technical manpower; the Importance of science and tech- 
nology In higher education for the scientific as well as the nonsclentlf lc and 
technically oriented student; and how all of this relates to the basic techni- 
cal literacy of the U.S. population. Also discussed are the current engineering 
faculty shortage and the state of college and university laboratory equipment. 
The status of the supply and demand of S/E manpower Is reviewed through a dis- 
cussion of the number of recent S/E degrees awarded to undergraduate and grad- 
uate students and the current demand In some of these degree areas; and the 
number of non-U. S. citizens enrolled in, and graduating from, the Nation's sci- 
ence and engineering schools. The question regarding whether or not a shortage in 
science and engineering manpower actually exists is examined, and a final chapter 
reviews the implications that the issue of science and engineering education 



1/ Young, Leo. Science and Engineering. Science, v. 209, Sept. 26, 1981. 
p. 1475. 

2/ Ibid. 
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(XI) 

has on the Nation's scientific and technological role In the world, and some 
possible solutions to the problems Involved, as recommended by some experts and 
various corporate and professional organizations. 

Part II of the report examines the science and engineering education 
instruction provided In three other Industrialized countries — Japan, the Soviet 
Union, and West Germany and how It relates to the technical competence of their 
general populace. 

Part III presents forecasts concerning the possible future supply of and 
demand for S/E manpower In the United States, and trends of the future supply 
of scientists and engineers In the Soviet Union. 3/ 

Part IV examines the supply of engineers and scientists In the Department 
of Defense In both the military and civilian sectors. 

Part V Is a historical overview of congressional Interest and actions re- 
garding these Issues, whi£h Includes some of the actions also taken by the Na- 
tional Science Foundation. The discussion begins with the Pre-Sputnik era, 

0 

1953 to 1957, and continues with the Post-Sputnik period, 1958 to 1970. A re" 
vievT of such actions from 1971 to 1982 Is provided, along with those taken by 
Congress and the NSF up to April 1982* 

A selected annotated bibliography and appendices also are included. 



3/ Similar trends for Japan and West Germany were unavailable. 
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• . EXECUTIVE SUMMARY 

1 

\ 

PRE-COLLEGE SCIENCE AND MATHEMATICS CONCERNS 

Science and mathematics instruction at the pre-collego. level has a signif- 
icant relationship to the future supply of scientific and technical manpower in 
the Nation. How teachers at this educational level approach science instruction' 
what they know or do not know about: science, their impressions regarding the im- 
portonce of science instruction, and how they actually teach science — have a 
direct bearing on how their students perceive the importance of science and the 
interest they will probably have in the subject. \^ 

Because of the "back-to-basics" movement, in which science is\not consid- ' 
ered to be a "basic," science does not appear to receive as much emphasis as the 
"basic" courses^on the pre-college level and relatively little time is spent 
on its instruction — an average of 19 minutes per day in kindergarten through 
the 3rd grades, and 35 minutes per day in grades 4 through 6* 

Most elementary school teachers in the United States who were surveyed 
by the National Science' Foundation (NSF) were found to lack confidence in their 
knowledge about science and their understanding of scientific concepts. Those 
teachers who did have confidence in certain aspects of their scientific knowl--, 
edge reported that, in most instances, they did not have the time or material 
resources. to develop what they would consider a meaningful scientific program. 

On the junior high school level, NSF found that most science programs 
seemed more effective than those at the elementary school level. Most junior 
high schools surveyed had designated science teachers. What was actually 

(i) 
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taught in this subject, however, was. left to the discretion of the teacher, 
similar to elementary school. The most" commonly taught science courses were 
found to be general science, earth science, life science, and physical scl- 



ence. 



On the high school level, biology, chemistry, and physics were the most 
commonly offered science courses. Biology seemed to be the most frequently required 
science course for graduation' In schools across the Nation with such requirements. 
Essentially; It Is the last science course taken by a large number of high school 
students* 

Assessments of scientific achievement, made by the National Assessment of 
• Educational Progress (NAEP) of the Education Commission of|he States, dlscov-^_ 
ered that there was a downward trend In science achievement of .9- and 11-year- 
olds, from the first to the second assessment. Results from a third assessment 
showed the trend to be improving for these age levels. The 17-year-olds tested 
showed a continued decline In scientific competence In all three measurements 
that were administered. ^ 

Mathematics, which is considered a "basic," seems to be well emphasized 
on th e pre-college level and a 'concentration on computational skills from the 
. 2nd grade through the 12th grade Is evident. About 95 percent of all elementary, 
teachers surveyed apparently felt "adequately qualified" and "very well quail- 
fled" to teach mathematics. About an average of 45 minutes per day was reported 
to be spent teaching mathematics In grades K-3, and 50 minutes In grades 4-6. 

In junior high school, two years of mathematics above the elementary level 

. r 

was required by most' schools surveyed by NSF. One year of algebra also was 

taken by most students. 

At the high school level, the majority of students In schools surveyed-were 
found to take as many mathematics. courses as were necessary for prerequisites 
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3 ' , 

for other courses, such a«. science courses required for a future college major 
or vocation. NSF' found th.it 21 percent of the States require more than one year 
of mathematics for high school graduation, 57 percent require one year, and 22 
percent require less than one year. 

e The'NAEP assessments for mathematical achievement of 9-, 13--, and 17-year- 
olds showed that there was a decline in such, achievement during the 1970s. 
There also has been a notable 32-point decline in the mathematical portion of 
the Scholastic Aptitude Test (SAT) scores, from 502 in 1963 to 470 in 1977, as 
well. as. in theverbal portion of the test. 

The quality of pre-college mathematics and physical science instruction 
may be threatened because of a detected shortage in such teachers. The National 
Council of Teachers of Mathematics (NCTM) has revealed that, at the close of 
the 1977-78 school year, nearly 10 percent of mathematics teaching positions 
across the country were vacant. Such a shortage is reaching the crisis level 
according to the NCTM.. ' 

COLLEGE-LEVEL SCIENCE AND ENGINEERING CONCERNS 

The technical literacy of the general population of the United States has 
become a recent concern because of the state of pre-college science and raathe- ■ 
matics instruction. Also, the status of college and university level scientific 
instruction of non-science majors may have a bearing on the scientific compe- 
tence- of the populace. A National Research Council report has found that, at the 

^ undergraduate level, individuals who are not majoring in a scientific field may 
l 

v not be receiving an understanding of science and technology adequate for those 
who may become civil and professional leaders. Furthermore, the report notes, 
the educational needs .of persons who are scientific- majors , but who do not plan 
to seek scientific careers upon graduation, are not being sufficiently considered. 



Recent trends In doctorate program enrollments In the mathematical, ^ 
physical, and life sciences show declines that may later, affect the numberT ' 
of ,„.Ufled .Individuals available to fill vacant faculty positions that are 
predicted for the mid-1990s due to the probable retirement of tenured college 
and university faculty in these field.; A similar concern exists at the gradu- 
ate level in college and university engineering departments where graduate- 
degree production ln'j-^ engineering disciplines has declined. 

X Since the 1970.. the number of engineering doctoral degrees awarded has 
dropped 25 percent. This decrease is believed to be largely contributing to a 
developing engineering faculty shortage. Also significantly affecting this 
shortage is the luring away of engineering bachelor's degree recipients by 
various Industrial companies offering comparatively large starting salaries. 
Many tenured professors In these fields also are said to be leaving the univer- 
ses for higher paying Industry Jobs. Academic employment hss become less 
attractive for these reasons, along with the fact that university laboratory 
equipment and facilities are deteriorating. The average age of most of this 
equipment reportedly exceeds 14 years. In addition, undergraduate engineering 
chool enrollments have almost doubled since 1973, placing Increased workloads, 
a smaller number of engineering faculty members and graduate assistants. 
Some suggestions that have been made to help alleviate these problems have 
■ been to raise engineering faculty salaries; encourage the pooling of laboratory 
equipment funds and the sharing of apparatus between university departments, 
and establish regional Instrumentation centers; encourage greater flexibility 
of Federal research grant and contract procedures; and encourage university- 

industry cooperation. 

Some firms already .have pledged support for improving the situation. ' 
These include the Exxon Corporation, du Pont, General Electric, General Motors, 
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Amercian Telephone and Telegraph (AT&T), International Business Machines (IBM) , 
Union Carbide, General Telephone and Electronics, and Che U.S. Semiconductor 
Industry Association. 

STATUS OF SCIENCE AND ENGINEERING MANPOWER 

According to Dr. John Slaughter,- the NSF Director, there is currently a 
manpower shortage in nearly ever> degree level and specialty of engineering and 
the computer sciences, as well as in certain physical and biological science 
fields. Shortages in! the scientific areas, however, do not appear to be as 
critical as chose in varioue engineering fields. Computer science, neverthe- 
less, is one of the fields in which personnel is in great demand. Recently, 
there has been a significant increase in the number of bachelor's degrees 
awarded in this area. l n 1979 and 1980, there' were also increases in the num- 
ber of advanced degrees awarded in tljie computer field. In spite of such in- 
creases, because of the extensive demand for computer science professionals, 
the current supply is inadequate to meet that demand. This situation does not 
show signs of improving because the "computer world" seems to be advancing at 
such a rapid pace. 

^ In the engineering field', electrical, electronic, and mechanical engineers 
with two to five years of experience seem to be the most in demand. During 
1982, it has been predicted that such experienced personnel plus new graduates 
also will be sought in most of these engineering fields, as well as in chemi- 
cal engineering • 

There has been a particularly noticeable increase in recent years in the 
number of foreign science and engineering graduate students in the United States. 
The increase has become most noticeable in the area of petroleum engineering. If 
this trend continues throughout the 1980s,. NSF projects that nearly all petroleum 
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lneetl „ 8 graduate students will be non-U.S. 'citizens. AX.O. NSP projects that 
n0 „-U.S. citizens -ill co.prl.0 over 30 percent of graduate students. enrolled 
„ ffi ost science and en g lneerln S fields. As a result of the decline in U.S.-born 
engineer^ students, faculty, and graduates, non-U.S. citizens are filling 

i ..-I filled faculty positions in 

vacancies In college and university classroom, unfilled faculty 

acade.U, and vacancies In technical-Industrial occupations. 

An across-the-board engineering shortage Is q uestlonable. according to 
lea ders of the Institute of Electrical and Electronics Engineers, Inc. Basi- 
cally, they believe that there Is a balance In supply and demand of U.S. engi- 
neers, although there aay'be shortages In certain specialties. 

The United States is still considered to be the world leader In most sci- 
entific and engineering disciplines. If solutions are not found, however, for 
most 0£ tne problem the Nation faces In Us science, .athematlcs. and eng l- 
neerlng- education and manpower, this lead .ay be jeopardized. 

- Tne current and future condition of the country's scientific and engineers 
fflanp0 wer .ay affect significantly the Nation's scientific and technical capa- 
bll ltles to produce new and effectual Innovations and to 

petltlve with other .ajor nations (such as Japan. West Germany, and the Soviet 

Union). It also .ay have a direct 1-pact on national security and -llltary. 

. preparedness. The Soviet Union In particular, accordlns to an expert In Soviet 

.athecatlcsand science education, has »ade abandons Investment In manpower. 

t he senaral-population has made' Important educational achievements, and the 

country has ac.ulred a superb science and technology manpower pool that will 

u . i .atrial and rallltary power. In comparison, such a 
affect Its technical, Industrial, anu / 

state.ent probably cannot be made about the United States. '\ 

\ 
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SCIENCE AND ENGINEERING EDUCATION IN JAPAN, THE SOVIET UNION , 

AND WEST GERMANY : . 

— . . I 

In comparison with Che United States, Japan, the Soviet Union, and West 
Germany .seem to place more emphasis on science and mathematics Instruction at 
all educational levels. 

A major joint NSF and Department of Education study discovered that nana- 
gerial positions in both the Government and industries of the Soviet Union and 
especially Japan, were staffed by individuals with engineering degrees. Further 
more, especially in^Japan and the Soviet Union, all students are .exposed to a 
science and mathematics program from the first grade through the , completion of 
the upper secondary level. 

Japanese students are required to spend a minimum of 210 days per year lir* 
school. Most schools, however, are open between 240 and 250 days per year, 
compared with about 180 days in the United State's. l n the Soviet Union, stu- 
dents spend 240 days per year in school. In West Germany, student's typically 
spend 185 days per year^iu school. 

In the Soviet Union, 98 percent of all students complete secondary school 
and, consequently, receive comprehensive instruction in arithmetic, algebra, 
geometry, and calculus, along with physics, chemistry, astronomy, biology, geo- 
graphy, and other such courses. In the United States, more than 56 percent of 
the State and^ Local school systems do not require any particular mathematics 
courses, or require only one such course for high school graduation. 

Data for 1979 indicate that the United States surpassed the Soviet Union 
in the total number of graduates for all fields. The Soviet Union, however, 
graduated more than twice as many science and engineering students as did the 
United States, and almost five times as many engineers. Comparisons of 1980 
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engineering graduates In the United States, Japan, snd the Soviet Union, showed 
that the Soviet Union had the largest total number of engineering- graduates and 
the largest percentage of engineering graduates relative to total population, 
while Japan ranked second, the United States third, and West Germany fourth In 
both categories. 

In" contrast to a prediction that the general population of the- United States . 
is heading toward scientific and technological Illiteracy , 'the general popula- 
tions of Japan, the Soviet Union, and West Ge'rmany appear to have a strong level 
of understanding of science and mathematics. 

POTENTIAL DIMCTTnus FOR SCIENCF "™ ENflTNEERING MANPOWER 

Through predictions developed by the Bureau of Labor Statistics (BLS) , the 
emoioyment demand for scientists and' engineers In science and engineering occupa- 
tion., at all degree-levels, has been projected to Increase by ,0 percent between 
1978 and 1990.- In view of this growth, the BLS has predicted that about 180,000 
„e„ jobs will be available In the mathematical, physical, life, and social scl- . 
ences. In addition, they estimate about 480,000 new Jobs will be created In 
the computer professions, and 250,000 In engineering. The BLS also forecasts that 

i j« ulll be In the computer professions, 
"the most rapid growth in occupational demand will be In P . 

I„ 1990, the BLS has stated that a total of about 1.4 million scientists 

and engineers will be required to fill new Job. that will be created between 

19 78 and 1990, and to replace experienced workers who will retire or die during 

that 12-year period. 

The National Center, for Education Statistics (NCES) has predicted that, by . 

4 flOr <„ 0 deoreea conferred will increase to about 
1985, the total number of engineering degrees comer 

,, , nn j°„ i qon Significant decreases in the 
73,400, before dropping to about 65,100 in 1990. Slgnincan 

-a~a < n nil fields bv 1990 have been forecast 
number of bachelor's degrees awarded in all tlelds oy 
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by Che NCES, except. in environmental, mining, and nuclear engineering where the 
trenda ahow no change in the number of degree recipienta. The NCES data pra- 
Jecta that bacheLora'a degreea in computer Bcience, however, probably will 
increaae by 58 percent between 1979 and 1987. Any auch increaae, warna the 
Scientific Manpower Comraiasion (SMC), will intenaify an already evident faculty 
ahortage, at leaat for a ahort term. Doctoral degreea in computer aclence, the 
SYS haa atated, average leaa than 200 per year. 

Lt. Col. Jim Graham, of the U.S. Air Force haa predicted that, overall, 
engineering manpower trenda ahow that, between 1981 and 1990, there will be 
7 31,000 joba available for 617,000 engineering graduatea, indicating a 114,000 
personnel shortage in all engineering dlaclpllnea. 

In the Soviet Uniojj r the only country other than the United Statea for 
which future projections of science and engineering manpower were found, the 
total Candidate of Science degreea awarded in aclence and engineering ' in 1979, 
20,800, have been predicted to drop to about 19,700 in 1985, and remain ata- 
tionary in 1990. Such degreea conferred in the phyaical, life, and mathematical 
-aciencea are projected to decline to 7,400 in both 1985 and remain at that 
level in 1990. Total Candidate of Science degreea awarded in engineering apeci- 
fically in 1979 were 11,500. Such degreea are anticipated to decreaae to 10,800 
in 1985, but slightly increaae to 10,900 in 1990. 

THE SUPPLY OF U.S. DEPARTMENT OF DEFENSE SCIENTISTS AND ENGINEERS 

The aupply and demand of scientista and engineera alao play a role in the 
area of nationaKdefenae. Between 25 and 35 percent of the total number of 
employed aclentiata and engineera in the Nation are aupported by defenae work. 
An expert has cautioned that the increaaing gap between the acientific training 




of U.S. citizens 
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and their Soviet counterparts places a serious, threat to both 
the U.S. economic and military security. 

The effects! of the perceived shortage of scientists and engineers on the . 
Department of Defense (BOD) have been reported as producing a decline In 111- 
-tary prepaiedniss , an Increase In the cost of weapons design, a' drop In pro- 
ductivity', aJ reduced Innovatlveness. As a result of these and other concerns, 
the supply of/scientists and engineers In the DOD Is discussed In this report. 

Industry has been outbidding, for example, the U.S. Air Force for techni- 
cally oua Jied personnel, because of higher- starting salaries (about $7,000 
m ore). -4he military, as well as academla and other branches of the Federal 
'Government, appear to be unsuccessful In competing with higher Industry salaries. 
As a result, by October 1981, Air Force recruitment of engineering graduates 
had dropped to about ^one-and-one-half percent, from five percent In 1968. At 
the time of this writing, the Air Force is nearly flOO Military Engineering 
Officers short of its minimum requirement. The Air Force Systems Command (AFSC), 
the primary user of engineers in the Air Force, is experiencing a 10 percent 
shortages military engineers (over 500 vacancies). Since 1978, as a result 
of the engineering shortage, the AFSC has encountered a net loss of nearly 
7,500 man-years of engineering experience. 

Also experiencing shortages is the Army's Electronic Research and Develop- 
me „t Command. In its seven laboratories, at least 120 vacancies have been.re- 
port'ed In science and engineering positions. 

a 

Science and engineering education has been a concern in the United States, 
since the early 1950s. Several programs were established, mainly through the 
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National Science Foundation jj to help ameliorate the problem. Certain cur- 
rent problem areas seem to parallel some of the concerns about science and x 

\ 

engineering education that were notable 20 to 30 years ago. Those factors that 
appear to be most prominent are the following: ' 

— Shortages in science and engineering manpower were reported in the second 
annual NSF report to President Truman. One of the reasons given for the short- 
ages was that Industry was offering Jobs with high starting salaries to science 

and engineering bachelor's degree recipients. A January 17, 1953 article 

*\. 

in the New York Times stated that NSF concluded that promising students prob- 



wo\ld not turn 



ably would not turn down high-salaried industry-jobs in favor of four more 

\ 

years of postgraduate work; 

— High school science teachers were reported to be lured away by industry's 
large starting salaries as early as 1955; 

— The' Soviet Union graduated more than three times as many engineers than 
the United States in.,1955 — 50,000 to 15,000 respectively; / 
# — In the early 1960s, a book on science and engineering education in the 

Soviet Union reported that the Soviets emphasized science and engineering edu- 
cation and were outproducing the United States In the number of engineering 
graduates; 

— In the mid-1960s, an American Council on Education report, entitled Man , 
Education, and Work , concluded that ". . . the American education system is al- 
most totally geared to the alms and interests of the college-preparatory stu- 
dents and thus neglects the great majority of youths." The report suggested 



kf Other ' Federal Government agencies that have not been discussed in this 
report, but which also have science and engineering education programs are: the 
National Aeronautics and Space, Administration, Department of Commerce, Depart- 
ment of Energy, Department of Health and Human Services, Department of Defense, 
Environmental Protection Agency, Department of the Interior, the Department of 
Agriculture, the Smithsonian, and the Department of Education. ■ 
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that - hlgher .duccio. Uhould, ta>e im-ediate a t epa - ».«« - — 
ply o£ technical and highly *UU- «^.*— ^ " 

and, about \b years ago, 

-Z-Cern.tXon.1 -dy -mating Cna ~^ic.l .chieve.enl. of atu 

«1 <n fivp other nations— Japan, England, 
tlcal attainment compared with pupils In five 

Sweden, France, and Belgium. 

In eaae.ce, Ch. proble.. that Ch. -ion currently facea concerning .el- 
ence and engineering education and. consequently. iC « ta and 

engineers, do not appear to be new- 

B efore Ch. SovUC. earth ..tellite. «~U X, waa launched in Occob.c 
1957 . there waa significant congresalonal concern about the atate of U.S. 

, f „ of legislation were Introduced between 

science education. Several forma of leglsiaci 

th . a,tb Congress and tbo end of tbe first session the 83th Congress. U- 1- 
8tely Prior to tbe Isuncbing of tbe first SpuCnU. No definitive action oc- 
curred. lowing S P W* X. public demand was aroused for more ade q uate 

acler .ation inacruction. Congress reacted with, tbe pssssge of tbe 

Nation,. Education Act in September 1938. wbicb enscted s four-year, 

•« F^ilrtuqhlns. and other aids to 1m- 

5887 mill >n for student loans, fellowships. 

prove U.S. scientific manpower resources. 

To day. the Soviet Union la no longer tbe only country that bss surpsssed 
the United States in tbe number of engineering degrees swsrded each yesr. 

" ~ crsnt. Man. X^l^^g* 

on Education. 1964. . 184 p. ^-^J^ ™ e „ P ed in the Apr. 31. 1964 
quoted material from a newspaper «« oun 'J 1, £ le £ e d Annotated Bibliography, 
edition of Che New York Times, p. I. (See 
Part V, p. 217.) 
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Japan, "according to the data available, conferred more engineering degrees in 
absolute numbers than^did the United States in 1980, by about 9.8 percent. West 
Germany also has been found to place more emphasis on science and mathematics 
instruction than does the United States. 

Within the last few decades, Japan has been reported to have "gained world 
leadership in the production of steel, the manufacture of automobiles and the 
"development of many electronic devices." 6/ The Soviet Union's "educational 
mobilization" also has been called a "formidable challenge to the national se- 
curity of the United States, [and] one that will be more difficult to meet." 7/ 

*\?v " ' ' '" 

Between 1959 and 1962, the President's Scientific Advisory Committee' 
released three reports concerning the strengthening of science and engineering 
education— ? (1) Education for the Age of Science (May 24, 1959); -(2) Scientific 
Progress, the Universities, and the Federal Government (November. 15, I960); 
•and (3) Meeting Manpower Needs in Science and Technology (December 12, 1962). 
All three reports emphasized the need for an expansion of the role' of the Federal 
Government in enhancing ' science and engineering education and for improving the 
quantity as well as quality of scientific and engineering manpower. Some of 

the recommendations made in these reports— scienti fie curricula improvement, 

■> * 
support to develop scientifically and technically talented individuals, sup- 
port of fellowships for doctoral candidates, a national goal to increase an- 
nual engineering, mathematics, and physical science Ph.D. -degree awards to 



6/ Willenbrock, F. Karl, and Cecil H. Green. United Statfis and Techno- 
logical Preeminence, p. 1319. 

7/ Glockner, David. Wlrszup: . U.S. Science Education Lagging. The 
Chicago Maroon. Apr. 7, 1981. p. I. 
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7500 by 1970-were accomplished mainly through ^efforts of the NSP. 8/ 
Severa l problems Unified a, the tl„e o £ th. -.tins o £ these report. coa- 
tlnde t0 exist ^.y-l-cl-l-e P-college science and mathematics teacher 
shortag es, inade,uate understanding o £ science and technology » the general 
U.S. population, and few., peering gravies s-lng academic employment. 
An increased role for the Pe-eraX Covern-ent" In Helping to. resolve tHese proH- 
le»s »ay be nectary for the 1980s and for future decades. 

. peder.1- funding for science and engineering education programs In fiscal 
year 19 82 was 3,0, „1U10„. the lowest In almost 23 years- Por fiscal year 
■ ■ 1983 th e Administration Has eliminated all funding for NSr program In tHese 
are .s. instead. It Has supported g radua t e researcH fellowships In. sciences 
and engineering (313 -lion Has been guested, gecognUl, tHat there are 
proble ms in science' education and disagreements on ho* to solve the., the NS 

John Slaughter, will "play a catalytic role, to help 
according to Its Director, John Slaughter, 

^ ^ needg - and 8upport the eff orts of state and local governments 
sclentl£lc and , professional organisations.. private Industry, and other Eederal 

Government agencies to solve then.. 

Legl ^lon has heen Introduced in. the 97 th Congress ** * 

^ua and Walgren. the National Engineering and Science Manpower Act of 
„., 57 .2. gep. .elton. to create a National Commission on Science, Bogl- 

a q 2421 Sen. Glenn, the National Engl 
neering, and Technology Education; and S. 2421, 

neerlng and science Manpower and Education Act of 1,32) feeding various 
a ctio„s that can he ta.en by the Eederal Government. Even those calling 

"sTsT^endlx-l* for evaluations of some NSE science education pro- 



grams • 
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increased Federal involvement, however, argue that such responsibility doeB 
not seem to be that of the Federal Government alone. New initiatives in- 
volving cooperation between industry , . acadeinia , State and local governments, 
and the Federal Government often have been mentioned as providing a productive 
approach to evolving workable solutions for all aBpectB of current concerns 
with the state of the Nations scientific and engineering education and manpower. 

Some attempts at such cooperation already are underway. On January 17-19, 
1982, there was a Forum on Engineering Manpower, held in San Antonio, Texas, 
sponsored by "five leading engineering societiet attended by some 80 leaderB 
of industry, education and government". Arizona State University is "developing 
a $32 million 'Center for Excellence in Engineering 1 that represents. a partner-^ 
Bhlp of the Btate government, the university and private industry." A National 
'Engineering Action Conference convened on April 7, 1982 in New York City with 
representatives of Industry, academia, prof essional ' BOCietieB , and the Govern- 
ment to dlBCuss solutions to the problem. 
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I . INTRODUCTION AND SUMMARY 

The state of pre-college-level and college-level science and mathematics 
Instruction and emphasis for scientifically, as well as non-sclentlf lcally , . 
oriented Individuals has a direct Influence on the supply of U.S. technical 
manpower. 9/ Recent studies have discovered that, as a result of the "back 
to basics" movement, science, which Is not considered "to be a "basic," does 
not receive much emphasis at the pre-college level and relatively very lit- 
tle time la spent on 'Its Instruction. In addition, mathematics Instruction 
emphasizes "computational skills, not problem solving." 10 / 

There Is a shortage of pre-college mathematics and physical science 
teachers that may be affecting the quality of Instruction In these areas. 
"It Is widely known," a report has stated, "that when positions cannot be 
filled through new hiring of qualified Instructors, they are often filled by 
teachers with lower subject matter qualifications or by the transfer of 
tenured teachers from other subject areas. .Thus, Inevitably, many secondary 
school mathematics and physical science teachers have Insufficient training 
* to tea*ch courses In these subjects." 11 / Furthermore, a large number of 



9/ Galambos, Eva C. Engineering and High Technology Manpower Shortages: 
,The Connection with Mathematics. Atlanta, Georgia, Southern Regional Educa- 
tional Board. 1980. p. 3.' 

\ 1 
10/ Walsh, Efthalla, and John. Crisis x ln the Science Classroom. Science 
80. v7 1, no. 6, Sept. /Oct. 1980. p. 17. \. 

11 / National Science Foundation and Department of Education. Science and 
Engineering Education for the 1980's.and Beyond. Washington, U.S. Govt. Print. 
Off., Oct. 1980. p. 49. * • V / 
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i- ,„,,k»ra pxnressed feelings of lnade- 

pre-college science and mathematics teachers expresses 

quacy in teaching these subject areas. 12/ 

A National Research Council study has found that at the undergraduate 
university and college level, persons who have non-scientific 

theology. Journalism, elementary educstion, snd other areas .--.ndN^ even- 
tually become civil and professional leaders, are not receiving "the under- 
standing of science and technology that they need to function effectively." 13/ 

-A. a result of the factors mentioned in the Foreword of this report, 
it has been announced that "there Is a growing [technical] illiteracy" In the 
general U.S. population which , If not reversed, "means that important national 
decisions involving science and technology will be made Increasingly on the 
basis of ignorance and misunderstanding." 14/ - 

A large number of tenured college and university faculty members are due 
to retire by the mid-1990s. Recently, there has been a noticeable decline 
in Ph.D. program enrollments in the mathematical,- physical, and life sciences. 
This situation, if not reversed, may result in an Insufficient number of quali- 
fied teachers to fill future faculty vacancies. In college and university 
engineering departments, there is a similar concern at the graduate level where 
graduate-degree production in many engineering disciplines has decreased, thus 
contributing to a developing engineering. faculty shortage. Apparently there 
• l6 a diminishing attractiveness to academic employment in some a.eas due, in 



12/ Ibid. 

W -tlonal -search Council Commission^ Human Resources .J^ 
^Z^^S^^^ ---cialists Report ^ 
National Science Foundation. Washington, Nationax , 

14/ Technical Illiteracy Threatens U.S. Science. Science News, v. 118, 
Nov. 1, 198C p. 276. 
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part, to relatively large starting salaries being offered by industry to 
bachelor's degree-level recipients, which deters some students from Peeking 
advanced degrees and teaching positions; increased undergraduate engineering 
school enrollments (which means heavier teaching loads per instructor); and 
the obsolescence of laboratory equipment needed for teaching and research. 

An employment shortfall of scientific and engineering degreed personnel 
seems to be developing. specif ically at the graduate level in computer science, 
geological and geophysical engineering,' petroleum engineering, and others, 
while the demand for such graduates appears to be increasing. This belief, 
however, is not a universal one. There is no consensus on the science and 
engineering shortage issue. Leaders of the Institute of Electrical and 
Electronics Engineers, Inc., for example, have stated that there is a balance 
in supply snd demand of U.S. engineers, although there jnay be shortages in 
some areas or specialties. 

Non-U. S. citizens are filling the places of U.S. -born students in both 
college and university classrooms and -subsequently i n faculty positions i n 
academia and in technical-industrial occupations. In 1980, 46.3 percent of all 
engineering. doctoral degrees were awarded to foreign national students. 

Several experts that testified at the October 1981 House hearings of the 
Committee on Science and Technology agreed that there are important concerns 
that need to be addressed regarding scientific and technical education and 
its impact on U.S. scientific strength, technological innovation, productivity, 
the economy, national defense, and the msintenance of the Nation's technologi- 
cal lead vis-a-vis other Nations. 
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II. PRE-COLLEGE SCIENCE AND MATHEMATICS CONCERNS 
A. ELEMENTARY SCHOOL 
1. Science Instruction 

For P re-college-level students, the Importance of science to the. and 
thelr interest In science 15/ depends on what their teacher(s) believe about 
the importance of science education, Ws or does not know about science, and 
does or does not do about teaching science, according to the findings of a 
National Science Foundation (NSF), report. 16/ In elementary school, one 
reacher Is usually responsible for the Instruction of all academic subjects. 
A teacher's perception regardlng.hls or herablilty to teach various subject 
areas was found- to correspond with the amount of time spent per day on each 
eubject. Of' all the elementary teachers responding to an NSF survey (1,667 
out of.4,829 total respondents) 17/ 63 percent (nearly two-thirds) felt 



, » 4 an ^" rn Include the natural sciences , .social 

mathematics will be treated separately In this report 

W stake, Robert, and J.* -"^^ ^rch'ano -"ca- 
tion. Executive Summary. Center for University of Illlnols- 

. Evaluatlon and Committee on ul ure nd Cognltl^n^ Directorate 
Urbana-Champalgn. Jan. 19/a. «> « p re -College Science, Mathematics, and 
£6r Science Education. The Statu of P« ^ e8 overview and Sum- 

"r^^rre^r^^Vash^^n/S.^Co^t. Print. Off., July 1931. 

19 ; 1 7 '/ in 1977 , a national ~«~-fe^&Z^X2? 
. TrlaniTe Institute to assess the na *% *"* £"„£ool.r" Weiss, Iris R. 
mathematics, and social studies In the nation s schools. (coptlnue d) 
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"very well qualified" to teach reading. In contrast, only about 22 percent 
of the teachers felt "very well qualified" to teach science* Correspondingly, 
from kindergarten to the 3rd grade level (K-3), teachers spent an average of 
95 minutes per day teaching reading. From grades four through six (4-6) 
reading was taught on an average of 65 minutes per day. In grades K-3, how- 
ever, teachers spent an average of 20 minutes per day teaching science and, In 
grades 4-6, 30 minutes per day. About 60 percent of the teachers, however, felt 
"adequately quallflred" to teach science. 

For nathematics Instruction, 49 percent of the teachers felt "very well 
qualified" to teach this subject'and spent, on the average, 45 minutes per day 
In grades K-3 and 50'mlnutes per day In grades 4-6. 18 / (See chart 1 on the. 
following page.) 

Dr. Iris Weiss, who conducted this particular NSF survey, found that, of 
the States and districts responding, only about 25 percent of phe States*and 
40 percent of the districts set requirements for the minimum amount of time 
for elementary grade teachers to spend on science, mathematics, and 'social 
studies Instruction. The recommended time was an average of 20 minutes per 
day for science and social studies and 30 minutes per day for mathematics 
In grades one through three. Few districts set guidelines for kindergarten. 
Those that did required about 15 minutes per day for each of these subject 



(continued) 1977 National Survey of Science, Mathematics, and Social Studies: 
Education Highlights Report. Center for Educational Research and Evaluation* 
Research Triangle Institute, Research Triangle Park, N.C. , Mar. 1978. In 
National Science Foundation. Directorate for Education. The Status of Pre- » N 
College Science, Mathematics, and Social Studies Educational Practices in 
U.S. Schools: An Overview and Summary of Three Studies, p. 12-14. . 

18/ Ibid. 
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CHART 1 







SOCtAL STUDIES 



SI NOT WELL QUALIFIED 
C3 ADEQUATELY QUALIFIED 
Q VERY WELL QUALIFIED 
UNKNOWN 

ELEMENTARY TEACHERS' PERCEPTIONS OF THEIR QUALIFICATIONS TO 
TEACH MATHEMATICS, SCIENCE, SOCIAL STUDIES, AND READING 
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areas. In grades 4-6, 30 to 40 minutes per day were recommended for the 
minimum amount, of time to be spent on each subject individually. 19 / 

Dr. Weiss concluded that one out of six elementary school teachers ,, 
responding to the NSF questionnaire felt Inadequately prepared to teach sci- 
ence. In addition, for many of the teachers who felt this way, there were 
.. a no district science supervisors or school, science department heads to assist 
them. Ninety percent of elementary school principals felt well qualified to 
supervise instruction in reading, mathematics, and social science. In science 
' supervision," however, nearly 20 percent who responded felt less competent. 20 / 

Two university researchers, Robert Stake and Jack Easley, found the fol- 
lowing" situation regarding the teaching of pre-college-level science from case 
studies that they compiled. 21 / 

Most schools we studied had some written policy about what and how 
elementary science should be taught . . . but what actually was taught 
was left largely to individual teachers. By and large, the elementary 
teachers did not feel confident about their knowledge of science, 
especially about their understanding of science, concepts . Even those 
•few who did like science and felt confident in their understanding of 
at least certain aspects of it often felt that they did not have the 
time nor material resources to develop what they" thought would be a 
meaningful program. As a consequence, science had been deemphasized 
at the elementary school level, with some teachers ignoring it - 
completely. 22/ 



Ibid., p. 22.' 
20/ Ibid.', p. 12. 

21 / 'Stake, Robert E. , and Jack A. Easley, Jr. co-directed a team of educa- 
tional researchers at the University of Illinois to conduct an NSF study to 
observe the teaching- and learning of science education (including mathematics 
and social studies) in the Nation's schools. Surveys were taken and case 
studies prepared indicating their findings. 

"* 22_/ Stake, Robert E. , and Jack A. Easley, Jr. Case Studies in Science 
Educations Design, Overview and General Findings, v. II. Center for Instru- 
tional Research and Curriculum Evaluation and Committee on Culture and Cogni- 
tion, University of Illinois at Urbana-Champaign. Washington, U.S. Govt. 
Print. Off., Jan. 1978. p. 13:5. 
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Only a few ele.ent.cy teachers were found who had strong Interests and 
understanding of science.' The number of such teachers was so small, Stake and 
Easley stated, that It could not be concluded that "even half of the Nation's 
youngsters would have a single elementary school year which their teacher would 
give science a substantial share of the curriculum and do a good job of teaching 
It." 23/ 

This NSF survey determined that there Is a heavy reliance on textbook 
material for elementary science Instruction. In most elementary schools can- 
vassed, learning science by reading from a textbook permeated the science _ 
program. 24/ Laboratory activities were stressed by only about 30 to 40 per- 
. cent of the teachers surveyed. Science Is basically taught by reading and 
lecturing. 25/ 

Elementary science teachers are very uncomfortable with science, a junior 
high school principal hao commented. According to him, science instruction 
'probably should be given to children In upper grades, because about all that 
can be expected from the elementary level is a "solid preparation in reading, 



. 23/ Ibid., p. 19:3. 
. . "ikj Ibid., 'p. 13:6. 

c . an1nu T Particia E. Blosser, and Robert W. Howe. The 

Govt. Print. Off., 1978. p. 32. 
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especially comprehension, 26 / and mathematics whon they roach • • . Junior 
high school." 27 / 

2. Mathematics Instruction / 

, It has been reported that "back to basics" thinking has Influenced signifi- 
cant changes In the elementary and secondary school level curricula of the Na-tf 
tlon. The most coramcnly understood definition of "back to. basics," according to 
Stake and Easley, In an increased emphasis on reading and arithmetic. This, 
as discussed in a recent report, 28/ has "damaged science and math teaching" in 
elementary school. Since science is not considered to be a "basic," very lit** 
tie time is spent on its instruction. While mathematics is considered to be 
a "basic," the new approach to teaching mathematics has been viewed bb "ex 2 
tremely narrow" because it centers on "computational skills, [and] not on 
problem solving." This "almost exclusive concentration on computation [con- 
tinues] from second grade math to that in senior year." 29 / 

Ninety-five percent of all elementary teachers responding to the NSP 
survey by Weiss reported that they felt "adequately qualified" (46 percent) 
or "very well qualified" (49 percent) to teach mathematics. 30 / The 

26/ One school district surveyed by Stake and Easley reported that ele- 
mentary science instruction there was In trouble because the old science books 
were replaced for the entire science program. The new science books seemed 
to be difficult for students to understand. The teacher had to read the les- 
son to the children or explain to them what they had read. 

27 / Stake, Robert, and Jack Easley, Jr. Case Studies in Science Education: 
Design, Overview and General Findings, p. 13:6. 

26 / Walsh, Efthalla and John. Crisis In the Science Classroom, p. 22. 

29 / Stake, Robert, and Jack Easley, Jr. Case Studies in Science Educa- 
tion: Executive Summary, p. 19:3. 

30 / Weiss, Iris R. 1977 National Survey of Science, Mathematics and 
Social Studies: Education Highlights Report 7 ,*- p. 13. 
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textbook L« « du.Litaiit Muurco for nmthcnmtlco Instruction, along with a dally 
lecture and discussion period. As previously «tated, about 45 minutes per . 
day wan reported to be spent on teaching mathematics In grades K-3, and 50 
nluutcs l\, grades «-6. The time lipoid, however, may vary fron. teacher to 
teacher and much Una time than Indicated may actually be used. 31/ 

l. S c 1 ejrico tnqtru c 1 1 on ■ ' 

At the'jutUor 'high school level (gtadoo 7-9), Stake and Kaflley found that 
science programs ueemed'to "operate somewhat more effectively than the elementary 
aclence programs." Moat junior high achoola were found to be departmentalized 
with dealgnatcd aclence teachers. What waa actually taught In the classroom, 
however, waa left to the' discretion of the teacher, similar to the situation at 
the elementary school level. "The phlloeophlcal orientation of the teacher played 
a key role In determining what content was .taught and how It was taught." 32/ 

Generally, the most common science courses found to be taught In grades 
7-9 were general science, earth science, life science, and physical science. 33/ 
Moat* of the courses lasted one year. 



31/ Suydam, Marilyn N. , and Alan Osborne. The Status of Pre-College 
Sclent Mathematics, and Social science Education: 1955-1975. V. II, 
Mathematics Education.^ Ohio State University, Center for Science and Mathe- 
matics Education. Prepared for the National Science foundation Dl "| t0 ™° 
for Science Education, Office of Program Integration. Washington, U.S. Govt. 
Print. Off., 1977. p. 52. 

32/ Stake, Robert E. , and Jack Easley, Jr. Case Studies In Science Educa- 
tion: Design, Overview and General Findings, p. 13:6-7. 

' 33/ National Research Council. The State of School Science: A Review of 
the Teaching of Mathematics, Science and Social Studies In American Schools, and 
Recommendations for Improvements. Commission on Human Resources. .Panel on 
. School Science. Washington, June 1979. p. 16. . 
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At Che high ^.;»ool level (usually grades 10-12, but som.e high schools' were 
found Chat also Included grade 9) f the most generally offered science courses 
w£re found to be biology, chemistry, and physics. In the schools that had • 
grades 10-12 only, more diverse courses usually were offered — physiology, 
Chemistry II, Physics II, and so on. 34 / . . c ^ - *» 

An elitist feeling among some teachers in high school science depart- 
ments was found by the NSF, especially among physics and chemistry teachers. 
Such teachers appeared to feel that they were there to teach only the. excep- 
tional students. One teachtfr was noted as saying: 

. . . Of course I ? m elitist--I , m'here to teach the elite of this school. 
If they disappear so' do I and the physics class. .You want to know why 
physics- classes have gotten smaller* in the past few years? It's because 
parents have become anti-science and they don't want their kids to be 
part of the science elite. 35 / 

Some parents interviewed seemed to express similar feelings. A parent of a . 

college-bound^student stated: 

J 

I've been very disappointed with the district for watering down' the * 
[science] courses- There used to be a really strong physics program. . . 
but then [the teacher] decided he needed to accommodate the low to mid- 
dle achiever so he threw out the,jood program and came up with this 
other one that. is less comprehensive. It really hurt the well- 
motivated kids. 36 / 

In contrast, a parent of a student unlikely to attend college commented: 

I think it would be all right if students didn't take any science at all 
at the high school level .... There are a lot of things "".kids are 
never going to use again. 37 / 



34/ Weiss, Iris R. Report of the 1977 National Survey of Science, Mathe- 
matics, and Social Studies Education. Prepared for the National Science Founda- 
tion. Research triangle Park, N. C. , Center for Educational Research 
and Evaluation. Mar. 1978. p. 56. 

35/ Stake, Robert E. , and Jack Easley, Jr. Case Studies in Science Educa- 
tion: Design, Overview and General Findings, p. 12:19. 

36/ Ibid. 

37/ Ibid., p. 12:20. 
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Such elitist attitudes about science, Stake and Easley reported, may be 
one of the reasons that" enrollments in chemistry and physics classes have 
declined in recent years. 

AnoDher reason that enrollments In some science-courses 'have decreased 
iay be that those courses have become electlves. For example, enrollments irf 
chemistry and physics, which usually were found to be electlves (biology was 
basically a required subject), seemed to be decreasing more rapidly than the 
general enrollments in science courses. Explanations for the decline were 
given a.B--«ore competition from other elective courses; the image of science 
and scientists is bad; reduced graduation requirements; opportunity to pick 
these-subjects up in junior college, if needed; and the perception 'of high 
school students that the content of physics and chemistry are just not rele-^ 
vant." 38/ On the other hand, it was pointed out that "undoubtedly the 
' individual teacher plays an important role in attracting students to his or 
her courses! In an instance where physics enrollment showed a slight increase 
after several years of decline, the physics teacher was settling into her third 
year,, and was highly respected by students." 39/ 

Several high school science teachers, high school counselors, and high 
school seniors were asked about what they felt was wrong with high school sci- 
ence courses, in the NSF survey. Out of those individuals responding, 40/. 
Stake and Easley found that: • 

The teachers . . . were Inclined to mark three or four weaknesses whereas 
He counselors and students one or two. The teacher pointed to things 



38/ Ibid., p. 13:4. 
39/ Ibid. 



40/ Out of 150 teachers surveyed, 101 responded; out of 86 counselors, 
46 responded; all 375 seniors surveyed, responded. 
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chat impeded their .teaching, particularly remedial instruction in 
mathematics and the shortage of time and size* of the class. The coun- 
selors were particularly impressed with inadequate lab facilities and 
field arrangements, and students and teachers took note of that too. 
The shortcoming most noted by senior students was the little attention 
given to individual students. 41/ 

Senior students 42 / also were questioned regarding what they considered 
to be "the one thing most wrong" with the science courses they had taken, and 
"the one thing most right." For the "most wrong," the largest percentage of 
students stated that the "courses were boring" (29 percent) and "overemphasized 
facts and memorization" (24 percent). For the "most, right," 22 percent stated 
thalP%he courses "stressed the basic facts," and 20 percent stated that the 
"courses were interesting.-^ These responses seemed to Indicate to the canr 
vassers that-* "students were sensitive to and divided on the issue of stressing 
the 'basic facta* in high school .science. Some liked it, some did not. Charges 
that the courses were undesirable elitist or impractical did not get much sup- 
port from these students." 43 / 

a. Science Requirements for High School Graduation 

The NSF (Weiss) survey questioned several State and district supervisors 
throughout the Nation by region — Northeast, South, North Central, and West — 
regarding science course requirements for high school graduation, 44 / If any, 

41/ Ibid., p. 13:5. 

42/ Out of 375 senior students, 336 responded to the question regarding 
the "one thing most wrong" with science 'courses; 342 responded to the "thing 
most right" question. 

43/ Stake, Robert E., and Jack Easley, Jr. Case Studies in Science Educa- 
tion: Design, Overview and General Findings, p. 13:5. 

44/ Mathematics and social studies course requirements also were included. 
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in grades 9-12. The requirements also were broken down by the size of the 
State. 45/, It was found that, nationwide, 21 percent of the States require 
more than one year of science Instruction; .53 percent, one year; 12 percent, 
less-than one year; and 15 percent did not respond to this question which .ay 
indicate that they "have no requirements [for] the subject." It also was 
found that biology was the "most common" subject required In science for high 
school graduation. £6/ 

In an MS F report analyzing relevant literature related to pre-college .el-, 
ence Instruction, It/was discovered that, for the majority of high school stu- 
dents, "biology is the last science course [taken], usually In grade .10." 47/ 
I„ fact, the percentage of students In grades 10-12 enrolled In biology In- 
leased fro. 1955 through the early 1970s, Indicating that, among other reasons, 
W students had to take a science course to meet graduation requirements and 
it appears they frequently selected biology." 48/ 

b. w.Mnnal -,ssessm .nr nf Science Achievement and Attitudes Toward; 
Science 

The National Assessment of Educational Progress (NAEP) report of the 
Education Commission of the States measured the science achievement of the 



45/ See appendix I for relevant table. 
46/ Weiss, iris R. Reports of the 1977 National Survey of Science, 
Mathematics, and Social Studies Education, p. 23-24. 

47/ Helgeson, Stanley L. , et al The Status of P-Co^lege Scie„ c e, 
Matheiltlcs, and Social Science Education: 1955 1975. 
Education, p. 26. 

48/ Ibid. 



44 



31 



Nation's 9-, 13-, and 17-year-old students, during three different school 

years— 1969-70, 1972-73, and 1976-77. The" following results were found: 49/ 

-[A] downward trend in science achievement [was] observed from the 
first to the second assessment [that] appealed] to be lessening 
for 9- and 13-year-olds In the third assessment. For these two 
age populations, It appears that a. continued decline In achieve- 
ment In physical science is accompanied by some stability In 
i achievement In biology; 

-The achievement level of 17-year-olds continue['dJ to decline. 
Seventeen-year-olds declined in performance from the first to the 
second assessment and from the' second to the third assessment; 

c -Students In extreme-rural communities, at each age level, .... 
improved in science achievement during the eight years spanned by 
the three assessments of science; and . , % 

-The position of most reporting groups relative to the national level 
of achievement showed little change over the three science assess- 
ments. [In addition,] 

— A gap continued to exist in the achievement levels of whites 
and blacks: the achievement level of whites was higher than 
that of blacks in each assessment. However, black 13- 
year-olds .improved in achievement on physical science exer- 
cises from the second to the third assessment; also t 

— The achievement level of males at each age was higher than that 
of females in all three assessments o'f science. 

Similarly to the 1976-77 achievement measurement, attitudes toward scl- 

ence also were assessed. 50 /v Some of the findings showed that, 

j ■ .i 1 

-Attitudes of 13- and 17-year-olds toward science were In many cases 
very much alike. Similar, percentages at these ages expressed favor- 
able attitudes toward science classes, were interested in pursuing 



49 / National Assessment of Educational Progress. Three National Assess- 
ments of Science: Changes in Achievement, 1969-77. Selected Results from the 
Third National Assessment of Science. Prepared with the National Center for 
Education Statistics, U.S. Department of Health, Education, and Welfare, Educa- 
tion Division. Denver, Colorado, Education Commission of the States, June 1978 
p. xiii. ' , ,1 

50 / National Assessment pf Educational Progress. Attitudes Toward Sci- 
ence: A Summary of Results from the 1976-77 National Assessment of Science. 
Denver, Colorado, Education Commission of the States, Oct. 1979. p. xiii. 
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science-related careers, used the scientific method of inquiry _ 
and were personally Involved In solving science-related societal 
problems* • • • » 
-More 9-year-olds expressed favorable attitudes toward science 
classes than 13- or 17-year-olds. They also appeared more willing 
than the. older groups to try to help solve societal problems, 

-About naif the 13- and 17-year-olds, on the avferage, expressed 
favorable attitudes toward science classes and science-related 
careers; 

-Males were more likely than females to have favorable attitudes 
toward science classes and science-related careers to have had 
science-related experiences and to use the scientific method of 
inquiry. For teenagers, male and female support for research and 
awareness of the'methods and philosophy of science were about the 
same; and 

-At age 17, the following groups reported more favorable attitudes 
toward science classes and science-related careers than the nation 
as a whole: blacks, people living in the Southeas t, P e °P le " v ^8 
in disadvantaged-urban communities and those living in big cities. 
Thirteen-year-olds in these groups exhibited more favorable atti- 
tudes toward science-related careers than the entire nation, while 
13-year-olds living in advantaged^urban areas showed less favor- 
able attitudes than the nation toward' science .classes and science- 
related careers. 



2. Mathematics Instruction . 

Secondary school mathematics was found to be "just as traditional and work- 
oriented as learning to compute In the "elementary school." 51/- At the junior 
high scho,ol level, two years o£ mathematics beyond elementary school was found 
to be generally required. One year of algebra was taken by most students and 
an emphasis was placed upon preparing as -any students as possible for high 
school "academic track math courses." 52/ 



51/ Stake, Robert E.. and Jack Easley. Jr. Case Studies in Science Educa 
tion: Design, Overview and General Findings, p.^l3:23. 

52/ Ibid, p . 13:21. Usually students bound for college take special 
.science" and mathematics courses. Three "tracks;' of mat hematics are usually 
'taken, the most difficult track consisting of :««»«»*. ' lg J^? ^ 
math analysis and advanced placement calculus. (Ibid., p.. IMI J 
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At the high school level, N5F surveyors found chac mosc ceachers and 
students seemed toaccept mathematics as a " dry mechanical thing, Co 
be done stoically." ScudenCs cook as many machemacics .courses as needed 
for pre-requisices for ocher courses, such as science courses required for a 
fucure college major or vocacion. Ic also appeared "obvious and accepcable" 
that che reason ■ for schools offering che "traditional high school machema- 
cics content* (algebra, geometry, crigonomecry , and cheir continuacion inco ' 
analytic geometry and calculus)" was Co prepare scudenCs for engineering, 
physics, economics, statistics ,- and ocher basic relevant uses of machemacics. 
"In chis sense," surveyors found chac "machemacics was a pre-vocacional sub- 
Jecc for many promising scudenCs. Thac machemacics experience [could] be of 
value for ocher purposes seemed less important:." 53/ 

Senior scudenCs were asked, chrough a survey, whac was "che ching mosc 
wrong" and "the "mosc righc" about machemacics courses. ■ Out of 318 responding 
/ to the "mosc wrong" cacegory, 31 percenc checked that^the courses were boring 
and 26 percent scaced chac che courses "were coo much aimed ac the 'brighc 
kids. 1 " -For che "mosc righc" lisc, 40 percenc indicaced chac che courses 
"scressed che basic faces," alchough 13 percenc scaced chac chis was over- 
emphasized and 19 percenc felc that courses ^"sCessed fundamenCal ideas.' 1 .54/ 

,V 

a. Machemacics RequlremenCs for High School GraduaClon 

Weiss found Chrough nacionwlde questionnaires chac 21 percenc of che 
States require more than one year of mathematics instuction for high school 



53/ Ibid., p. 13:24. 
54/ Ibid. 
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graduation, 5? percent require one year, and 22 percent require less than 
one year. Seven percent of the States also Indicated that they require 
specific natheoatlcs courses to be' taken, but none were listed. 55/ 

Nationwide enrolment patterns In high school mathematics courses have 
been found to be basically stable In recent years, although slight decreases 
were noted In some Instances- 56/ In New Vork state, data from 1971-76 
showed that, of 62 courses offered, a slight year-by-year enrollment decline 
was noted for "Math 7, 8, 10, 11, and 12; Algebra I and II; T°rade and. Shop 
Math; Advanced and Analytic Geometry; Problem Solving; and History of Mathe- 
matics * Enrollments of students In other courses Indicated an "Increasing 
trend." 57/ 



b. Changes In Mathematical Achi evement 

' The National Assessment of Educational Progress (NAEP) conducted two 
surveys of the mathematical achievement of 9-, 13-, and 17-year-old students 
during the 1972-73 and the 1977-78 school years. Changes In- student a' per- 
formances between 1973 and 1978 were measured by providing exercises that 
helped determine mathematical understanding. ' Students were asked to "pro- 
vide an explanation or illustration of different mathematical knowledges or 
skills, requiring a transformation of knowledge but not the application of 
that Knowledge to solve a problem." 



55/ Weiss Iris R. Report of the 1977 National Survey of Sc J en «. 
Mathe^tlcs! and Social Studies Education, p. 24. See appendix 1 for table. 

56/ Suydam, Marilyn N. , and Alan Osborne The Status of Pre-College 
SclenM, Mathematics, and Social Science Education: 1955 1975. V. II, 
Mathematics Education, p. 



■ 57/ Ibid. 
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Some of Che results, which "should ... be interpreted, with caution 

[because] the items used to measure changes in achievement did not provide 

as broad of a coverage of the cootent of school mathematics as the entire 

1977-7 8 mathematics assessment," are as follows: 58 / .„ / 

-j . . The 'overall results indicate that there has been, some decline in 
uathematics achievement during the 1970s. [This may, however, reflect 
certain factors that affected student performance not strictly related 
to mathematics instruction] ; / ' 

-Changes in performance differed by age group, with declines becoming 
more apparent for the older students. Nine-year-olds showed very slight 
changes, with the exception of declines in the application area of prob- 
lem solving, while 17-year-olds showed measurable drops in each of the 
cognitive process levels assessed — knowledge, skills, understanding, 
and application; and 

-[There was] generally [a] low performance on problem-solving (applica- 
tion) items .... At each age, fewer students appeared proficient 
in solving problems deemed appropriate for their age level. For example, 
9-year-olds* performance dropped considerably on several one-step word 
problems. Generally, fewer 13- and 17-year-olds could solve multistep, 
complex problems or could deal with topics such as, percent and prob- 
ability and statistics. ' 

Panelists chosen to evaluate these results attribute the decline in prob- 
lem solving to several factors: 

-[T]he emphasis on "back-to-basics" [which] has Often resulted in a nar- 
rowing of the curriculum, with more attention focused on computational 
skills and knowledge of facts and defi nit ions and less time s pent on 
■problem solving; | 

-[T]extbooks that have come into widespread use during the 1970s have 
adopted a simplified approach to problem solving .... Often, all 
addition word problems are presented in the addition section of a 
textbook, all subtraction word problems in the subtraction section, 
and so. forth, so that students do not gain experience in determining 
which operation is appropriate to the situation^presented; 
,-i ' 

~[V]ocabulary in problems can cause difficulties. "If students aren't 
familiar with the vocabulary, they may not be successful in solving 
problems even though they may have mastered the necessary computational 

•skills"; 



58 / National Assessment of Educational Progress. Changes in Mathematical 
Achievement, 1973-78: Results from the Second Assessment of Mathematics. 
Denver, Colorado, Education Commission of the States. Aug. 1979... p; 24-25. 
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.. . . [T ,he develops, of a -chanls.lc.aPproach t o proble.^lving. 
Teachei. of.ten.try to train students M looker c 

and 

o v.roucht about by demands for 
. . [Increased emphasis on testing £° u ^ ected th * ma thematics 
accountability and minimal competency has „ that 

curriculum. Increased testing may result ^ ^ memorlza _ 

are easy to teach and easy to test . . • ^ problem 

:l\rg n d^ e a;rmor: d :«:rt: r h"r" n the P part of the teacher and 
the student." 59/ 

4? 

3. gcholgstlc^Aj tltude Teat Scores 

The ' Scholastic Aptitude Test (SAT) generally is taken by 11th and 12th 
g rade high school students who are conaidering attending college, and speci- 
£lc ally those colleges and universities that retire applicants to take the 
t es t It includes two porta, verbal, and mathematical. The mathematical 
section calls for a general background in .athematics that is 
ftM the first through the ninth grades, depend s^on the reasoning ability 
than f.n-1 knowledge, and aasesaes the proble* solving skills in three areas- 
••arithmetic reasoning, elementary algebra, and geometry." 60/ The verbal 
portion of the SAT measures "reading +UU - — relationships." Scienti- 
£lc aerials also are covered in this section or* the teat. Since 1963, there 

j„ f "sit scores. From 1963 to 1977, there 
has been a notable decline in student SAT scores. 

was a ,9-point decrease in the average score on the verbal part (from 476 
ln 1963 to ,29 in 1977) and'a 32-point decline on the mathematical portion 



59/ Ibid., p. 25. 

n a AHvlsorv Panel on the Scholasti 

trance Examination Board, 1977. p. 3- 
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(from 502 in 1963 to 470 ln 1977). 61/ Reasons for the decline during the 
1960s have been attributed to a change In the "composition of students taking 
SATs." The continued drop In the 1970s Is believed to be due to the Increase 
in "electlves In high school, declining academic standards, television viewing, 
and the changing role of the family.** 62/ 

C SUPPLY OF P RE-COLLEGE S CIENCE AND MATHEMATICS TEACHERS 

The decline ln SAT scores, along with the previously discussed general 
decrease l n mathematical achievement as assessed by the NAEP, seems to be- 
developing Into a trend In a country "that seeks to maintain a lead In a tech- 
nological era." In addition, "the quality. of math- and science-oriented people 
are being drained from the field, ** according to a recent report. 63/ Larger 
salaries are being offered outside of the education field. For example, 
teachers can about double their salaries by working as "low level computer 
technicians." 64/ The National Council of Teachers of Mathematics (NCTM) 
states that, at the close of the 1977-78 school year, almost 10 percent of 

.utiles teaching positions l n the Nation were vacant. £5/ The NCTM also 
stated, that a change in the situation could not be expected within the next 

five years. 66/ 

', r 



617 Ibid., p. 5. - . 

62/ Ibid. • ^ 

^ 63 / Galambos, Eva C. Engineering and High Technology Manpower Shortages, 

64/ Walsh, Efthalla and John. Crisis Sn &e Science Classroom, p. 22. 

65/ National Council of Teachers of Mathematics. NCTM. Documents Shortage 
of Mathematics Teachers. News Release, Oct. 19, 1978. 

66/ Ibid. 
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"Unfilled teacher positions In «athei.atlC8 snd physical science evi- 
dently result both from a lessening In the attractiveness of science and mathe- 
matics teaching careers and fro. opportunities for .ore desirable employment . 
outside of teaching," an NSF and Department of Education report has stated, 
although an ample supply of peopl with bachelor's. and master's degrees in 
■these, fields seems to be available. 67/ In contrast.however, a report by, 
the Southern Regional Education Board (SREB) has revealed that, In Virginia, 
there was a -gap of 38 percent between the number of openings [in 1979] for 
beginning math teachers' '[in high school] \ and the'number of graduates prepared 
by colleges to teach the subject within the state." Furthermore, a North 
Carolina report "estimates an annual shortage of 300 [high school] math and 
science teachers, with the deficit becoming worse." 68/ The SREB concludes 
that the two current reasons for these shortages are the lure of higher paying 
non-teaching Jobs, as stated .above, and "a sharp decline in the number of -a- 
jors In the discipline." 69/ The United States is graduating less than I, 
persons per year who are trained to teach mathematics In the Nation's schools 
and the "picture fo,.r science teachers Is almost a carbon copy of that for 

math." J°J «. 

In spite of the fact that potential mathematics teachers do not all origi- 
nate amons mathematics majors, the National Education Association. (NEA). esti- 
mated that a 12' percent national declined evident within one year, 1978,. of 



,000 



677 National Science Foundation and Dept. of Education. Science and 
Engineering Education, p. 49. 

63/ Gala-nbos, Eva C. Engineering and High Technology Manpower Shortages 

P' 6. • ^ __ ; ,.. 

69/ Ibid. 

70/ Scientific, Engineering, Technical Manpower Comments, v. 18, no. 10, 
Dec. 1981. p. 7-8. 



o2 



graduates prepared to teach secondary school mathematics. 71 / Although the 
estimated supply of such graduates still exceeds the demand for the mathema- 
tics field** according to the NSF and Department of Education report, the NEA 
listed .the mathematics field, along with "trade-industrial, agricultural, and 
science," as teaching areas on the "'tight* end of the scale." 72/ The 
Bureau of Labor Statistics has corroborated fhis opinion by reporting that 
mathematics teachers are being lured away by higher salaries in computer sci- 
ence areas. As salaries for computer personnel continue to increase, schools 
will find.it more difficult to compete' for these" workers. 73 / 

Teachers of other subject areas, who are basically non-specialists in 
science and mathematics, usually are selected to help fill .these vacant posi- 
tions. 74 / The :SREB Task Force on Higher Education in the Schools recommends 
that "states should develop an array of incentives to attract science and math 

teachers, including scholarships or loan programs for prospective teachers, ti 
> 

■ .f 

to the' teaching of these subjects within the state, following the established 
pattern of state subsidies to train 'medical personnel in short supply." 75/ 



71 / National Education Association. Teacher Supply, and Demand in Public 
Schools, 1978. Washington, National Education Association, 1979. p. 4. 

72 / Galambos, Eva C. Engineering and High Technology Manpower Shortages 

p. 6. 

73 / Howard, H. Philip, and pebra E. Rothstein. Up, Up, Up, and Away: 
Trends in Computer Occupations. Occupational Outlook Quarterly, v. 25, no. 2, 
Summer 1981. p. 7-8. 

74 / Galambos, Eva.C. Engineering and High Technology Manpower Shortages 

P-*6. 

Tb^l Scientific, Engineering, Technical Manpower Comments, v. 18, no. 10, 

Dec. i98iV-pv-B. — . 



III. COLLEGE-LEVEL SCIENCE AND ENGINEERING CONCERNS 
A. - UNDERGRADUATE SCHOOL 

1. science and Mathema tics Majors y 

During the 1950s and 1960s there was a rapid growth In university science ^. . 
, de par M ents throughout the Nation. A -ale emphasis was placed upon preparing 
undergraduate students for graduate or professional study In both universities 
and four^year colleges, according to the NSF and Department of Education study. 76/ 
The study reports, however, "that .ore students received "bachelors degrees In 
science and -theaatlcs than sought admission to graduate or professional schools. 
So 0 e entered the labor .ar.et directly after graduation In science-related occupa- 
tions, while others voluntarily sought other Mods of employment. This sltua- 
tl on is still evident, the study contends, In spite of declining undergraduate 
enrolments In science and mathematics- In addition, "undergraduate science 
education has beep criticized as being .too theoretical and esoteric for most 
students, and still oriented toward those who arelntent pn graduate study." 77/ 
Therefore. It appears that the needs of the science majors who do not Intend. 
t0 e „ te r graduate school and those who plan to pursue nonsclentlf 1c careers 
are not being sufficiently met. "^TY 



76/ National Science Foundation and Dept. of Education. Science and 
Engineering Education, p. 39. 



77_/ Ibid. 

78/ Ibid., p. 40. 
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2 . Engineering Majors ' . . 

Since L973 , undergraduate engineering school enrollments have almost 
doubled. 79/ OIn the fall of 1973, there were 186,705 total full-time under- 
graduate engineering students enrolled In the United States. In fall 1980, the 
number had grown to 365,117, a 95.6' percent Increase. 80/ Many engineering 
schools are now finding It necessary to limit undergraduate enrollments. 81/ 
A survey conducted by the American Society for Engineering Education (ASEE) 
revealed that about "21 percent of 30 top engineering schools have restricted 
entrants and three more are considering doing so." 82/ The chart below shows 
a list of the schools that were limiting enrollments, considering limiting, or 
had not limited enrollments In early 1981. 



79/ Peer, Elizabeth, and Lucy Howard ll«lp Wanted: Engineers. Newsweek, 
v. 96, Nov. L7, L980. p. 87. 

80/ Computed by CRS from unpublished data received from the National Center 
for Education Statistics. 

8J7 Engineering Crunch Seen Tightening. Engineering News-Record, v. 206, 
Apr. 30, L 98 L . "p. 10. - / 

82/ Ibid. ' / 
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' CHART 2 



Schools Limiting Engineering Students 



Limited 

Univ. of California, Berkeley 
U.C.L.A. 

Univ. of Cincinnati 

Cornell Univ.* 

Univ. of Florida 

Georgia Institute of Technology 

Univ. of Illinois,. Urbana- 

Champaign 
" Univ. of Maryland 
Michigan State Univ. 
'* Univ. of Michigan 

New Jersey Institute of 
Technology* 

S.U.N.*., Stony Brook 

Unlv,. of Notre Dame* 

Ohio State Univ. 

Univ. of Oklahoma 

Penn State Univ. 

Purdue Univ. 

Virginia Polytechnic Inst, 
and State Univ. 



Washington State University 
Univ. of Wisconsin, Madison 
Worcester Polytechnic Institute 

Considering limits 
Univ . of Alabama 
Univ. of Uouston 
Univ. of Texas, Austin 

Not Limited 
Ca"rnegie-Mellon Univ. 
Illinois Institute 

of Technology 
Massachusetts Institute 

of Technology 
Univ. of Missouri 

-Rolla 
Univ. of Southern 

California 
Stanford Univ. 

"Limits' apply throughout university. 



1Q. 



Source: Engineering News-Record, v. 206, ^pt. 30, 1981. 
- The increased enrolments have been attributed to nigh starting salaries 
o££er „ d by various fin. in Industry to enuring graduates with bachelor's 
degrees. 83/ Because of the surge in engineering school enrolments, a large 
numb er of schools have tried to ad.ust to the proble. by increasing teaching.. 
load8> . eliminating certain courses, and hiring .ore faculty fro m foreign 
countries': $SO. ~„ schools have broadened the use of graduate teaching as- 
sistants or part-tLe faculty. £, .At the University of Illinois (Cha.paign- 
Urbana), for example, Dean Daniel Druc.er has been reported to he reducing 



83/ Peer, Elizabeth, and Lucy Howard. Help Wanted: Engineers, p. 87, 

National Science .oundatlon. ^--^f^uEr" iS»U- 
FacultJ Positions Vacant in Fall 1980. bcience 
Nov. 2 t 1981. p. 3. 
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enrollment by 20 percent to "relieve pressure on overworked faculty and 
crowded faculty and crowded laboratories." Many students are not being ad-«* 
mltted. Those who are accepted, "score at the 97th percentile on entrance 
exams — a level Drucker finds Ridiculously high for a public university. 1 " 85/ 

3. Non-Scientific and Technical Majors 

Undergraduate science education has been found to be oriented toward 
students majoring in scientific areas who intend to pursue advanced graduate 
degrees. The needs of those science majors who plan to enter the labor force 
upon graduation and those who do not plan to seek scientific careers appear 
not to be adequately considered, according to the NSF and Department of Educa- 
tion report. 86 / Furthermore, it was found that there is no general agreement 
regarding what information should and should not be included in science and 

mathematics courses for non-technical majors. 87/ Many colleges and univer- 

f 

sitles generally offer less rigorous and more descriptive courses for these 
students than for science majors. It also was stated that a large number of 
such students tend to avoid the more rigorous subjects because such courses 
are considered to be more difficult. Therefore, in many cases a considerable 
number of college-level students do not receive exposure to science and mathe- 
matics courses beyond 10th grade biology and 10th grade geometry. 88/ 



85 / Samuelson, Robert J. Engineering Enigma. National Journal, v.. 13, 
Dec. 12, 1981." p. 2206. 

86 / National Science Foundation and Dept. of Education. Science 
and Engineering Education, p. 40. 

87/ Ibid. 

88/ Ibid. 
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A w-t*-* Counci! C-O .cittee «•« a Study of th e Federai gole - 
ln the Coiiege Science Bo-cation- ^-Specialists - — th e — of 
non -sclence ana technical college ma j0 rs and has conclude, .a, science educa- 
tl on for non-specialist, is deteriorating. 89/ T h e Co-ittee contends that the 
•^lightened non-epeci.iiet" can -e significant contrition, to "help i.pie- 
0 ent the pi-ralist .unction of heretic decisionmaking about pressing • science. 
and technology concerns; "serve s 8 opinion Leaders in the American structure to 
help th e»blic at lar 8 e understand the^o-plexitie. aswell as the risks and 

a "lp»d the way in their professions more 
benefits of science and technology ; and lead the way 

nf science and technology." 90/ 
effectively if they have a coimDand of science 

The following findinss were reported as evidence that the parity of the 

N atWs institutions of hl g her learnin g are not providin g the type of scienti- 

£lc and technical education that the n£ Committee believes is essential for 

eclalists in order for the. to function effectively in society. 9W 
non-specialists, in 

, fl1 hm , tt lowered their science require- 
-Colleges and universities in general hav >1™'« ^ e n0 „- 

ments over recent years to the alarming P n . . . Q f a college course 
specialist student devotes only about 7 percent 
load to work in the sciences; 

- Hlt hin such subminimal "^^^Z^l^"^ " 
rres^thrt-rately-it^inra ^conceived, comprehensive pattern 
of education; 

uhirh were designed as a response 
To rodent concernTo" elevancy in the 1960s, have outgrown their 
. relevancy; 

pies of science; 

"~" " L ^ „ii science for Non-Specialists, p. xii- 

89/ National Research Council. Science tor f ^ 

90/ Ibid., p. xii-xiii. 
— * 
f 91/ Ibid., p. xi-xil. 
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*"When students do opt for more traditional introductory science courses, 
learning often suffers because so many students come to college ill- 
prepared in secondary-school science and mathematics; and 

-These students often are subjected to inadequate teaching that stresses 
dull lecturing more often than exciting laboratory experiments and 
demons trat Ions . 

. ^ The American Association for. the Advancement of Science (AAAS) conducted 
a survey among non-science majors 92/ and found that many are not necessarily 
uninterested in scientific subjects. Over 500 U.S. colleges and universities 
were located that offer courses that examine the relationship between science, 
technology, and society or provide courses in the history or sociology of sci- 
ence. 93 / Several of the programs were found to be cooperative ventures 
"between science or engineering, and social science and/or humanities depart- 
ments." Through analyzing course enrollments > it was found that the response 
of students were usually moderately good. After examining the' AAAS survey, 
the NSF and Department of Education study concluded, however, that "[the] ap- 
psrent relative [course] popularity is a positive development," but "few such 
courses lead to familiarity or ' competence with the concepts and processes of 
science and technology themselves." 94 / ■ 

The NRC Committee suggested several goals that U.S. colleges and universi- 
ties could set that might improve undergraduate science education for non- 
specialists. They are: 95 / 



92 / American Association for the Advancement of Science. EVIST Resource 
Directory: Ethics and Values in Science and Technology. Office of Science 
Education. Washington, 1978* ^'AAAS Publication, 78-6. 208 p. 

93/- Ibid., p." v.* v ~ 4 

94 / National Science Foundation and Department ,of Education. Science and 
Engineering Education, p. 40. 1 

95/ National Research Council. Science for Non-Specialists, p. xiii. 
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-College sclence'education should enable non-speclallats to overcome fears 
that might prevent them from launching a lifetime learning experience 
about science and technology! 
-. . . [E]nable non-specialists to develop their capacity to engage in 
critical thinking; \ 

-. . . [EJnable non-rspe'clallsts to know how to seek ""able sources of 
adenine and technlca^inf ormatlon and how to use them throughout life: 

:. . ,-[E]nable non-speclallsts to gain the scientific and technical knowl- 

edge needed in their prof easions; and 
-. . [EJnable non-specialists to gain the scientific and technical knowl- 
edge needed to fulfill civic Responsibilities in an lncreaalngly techno 
logical society. \ 
The NEC Committee suggests that college and univeralty science faculties 
have the major responsibilities of preparing students to reach these goals. 
These faculties need the assistance, the NRC Committee stated , ( of ' other institu- 
tions and agencies such.as State governments, private foundations, Industry, and 
the Federal Government. 96/ > f • 

Testifying at hearings before the House Committee on Science and Techno- 
logy, 97/ John W. Cells, staff executive of the ASEE, reported that the Council 
for t*e Understanding of Technology In Human Affairs (CUTHA) , an organization 
created In 1980 that Is composed of over 100 U.S. colleges and universities, _ 
is ••attemptrng'^eTTl^^r^ 

portance of technology In today's human environment. Only through real improved 
understanding," Mr. Cells suggested, "can tomorrow's lay civic, leaders make 
lntelllKP.it decisions concerning energy, environment, genetics, sophisticated 
weapons systems, land] the Impact of computers . . . ." 

/ " • 

96/ Ibid. 

• 97/ U.S. Congress. House. Committee on Science and Technology. Engi- 
neer!^ Manpower Concerns. Hearings, 97th Cong., 1st Sess. Washington, U.S. 
Govt. Print. Off .,1981. p. 25. 
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*' .The Levelcof Scientific and Technical Competence of the U.S. p\jlat:lon 

The state of pre-college science and mathematics education and college- 
level science education for non-science majors are among the reasons 98/ f 0 r 
recent concern about the level of scientific and technical literacy of many 
college graduates and the general U.S. population. 

An NSP survey has found that the public attitude toward science and tech- 
nology Is basically favorable. The general understanding about the "substance 
of science and the methods by which scientists seek to answer questions," how- 
ever, Is slight. 99/ It was concluded by one NSF analyst that "probably not 
□ ore than 12 percent of the [U.S. ] % adult population really understands what Is 
meant by the scientific approach." 100/ Ic „ as determined in a report pre- 
pared for the NSF, that "the level of [an Individual's] understanding of sci- 
ence Is directly, related to the level of education attained." 101/ Furthermore, 
this Is not Just the caoe with science. Information obtained through national 
public opinion polls have revealed that: 

• • • [The] results of all . . . the Information questions on public events 
history, geography, and other topics including health and science are all 
consistent: college graduates know more than high school graduates, and 
high school graduates know more than elementary school graduates. This 
,, relationship holds regardless of age, sex, or family background. It is 
- true for information normally learned in school and for information not 



98/ See also part IV, Introduction. 



99/ Wolfle, Dael. Public Policy Decisionmaking and Scientific Literacy. 
Prepared for the National Science Foundation. Papers Commissioned As Inputs 
to Second Annual Science and Technology Report (ASTR). v. VI, Public Policy 
Decisionmaking and Science Literacy: Information Needs for Science and Tech- 
nology,. Washington, U.S. Dept. of Commerce, National Technical Information 
Service, 1980. p. 13. 



100 / Ibid., p. 14. 
101/ Ibid. 
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, . „„ h „ ol Persons with more formal education continue 

stss isrtui ss:^' d ° — w,,o8e 8choollnB 

stopped at an earlier age. 102/ 

Results of National Assessment of Educational Progress studies, discussed 
previously, have ahown a general decline In scientific knowledge of 9-, 13-, 
a „d 17-year-olds. This was determined through the decrease In average test 
scores, between 1969 and 1972, for answers to questions about physical and 
biological science. From 1972 average scores for 17-ycdr-olds con- 

vened to decline, while averages remained basically the ssme for 9- and 13- 
yea r-pld 8 . Measurements of mathematics achievement between 1973 and 1978 showed 

. decline for all age groups. 103/ ™» ln " b ° en 

concluded, Is "consistent with other evidence that many children are not 
learning as well in school as their predecessors of 10 to 30 years earlier," 104/ 
By 1979, the high school seniors surveyed had Joined the general workforce or 
become college attendees. Within the decade or less, the 9- and 13-year-olds 
wlU .e'lj^th^same or similar positions. If the trend of underachieved 
continues, the cycle of scientific Illiteracy In the Nation may be perpetuated. 

Various means that could be used to help Improve the public's scientific 
literacy have been studled-the news media, magazines, newspapers, and tele- 
vision. Effective programs, however, probably would require long-term and 
, continuing commitments of these media, scientific organizations, the Nation's 
■ schools, and other nonprofit associations related to medicine, science, and 
education to produce any Important changes. 105/ In addition, the amount of 



102 / Ibid. 

103/ Ibid. 

104/ Ibid., p. 15. 

105/ Ibid., p.' ii. 
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education and interests that individuals, already have attained has an impor-" 
tant bearing on who would "take advantage "of opportunities for continuing 
education, self studv, and other means of learning." Therefore, an impor- 
tant conclusion is that the people who would gain significantly from these 
efforts to improve sciertce literacy would be those who are already fairly 
literate. 106 / 

B. GRADUATE SCHOOL 

1 . Science and Mathematics Departments ■> 

Throughout the 1950s and 1960s, there was a rapid growth in- university 
facilities, in addition to rising undergraduate and graduate enrollments re- 
sulting in a rapid expansion of university science faculties, the creation 
of new Ph.D. programs in many schools, and the advancement of a large number 
of young college teachers to tenured rank, most of whom are due to retire 
around 1990. 107 / Also, during this time, -university science and mathematics 
graduate level courses had been .structured to prepare students for teaching 
positions and research. In the. early 1970s, however, the "sizes of science 
and mathematics faculties began to stabilize and, in some cases, to decrease 
as Federal research support declined and the growth rate of undergraduate 
enrollments slowed down. As a result, Junior faculty positions have become 
relatively scarce, particularly in physics and mathematics and most of the 
social sciences." 108 / For this reason, there is concern that because of 



106 / Ibid., p. 20. 

107 / NtLional Science Foundation and Dept. of Education. Science and 
Engineering Education, p. 38. 

108/ Ibid. 
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the recent decline In Ph.D. enrollments In the mathematical, physical, and 
life sciences, there may not be sufficient numbers of qualified Individuals 
to fill vacant faculty positions that will be the result of the anticipated 
large scientific faculty retirements by the mid-1990s. 109/ Furthermore, 
"the fact that many science and mathematics departments cannot bring In 'new 
blood' could hamper their ability to provide Innovative Instruction and re- 
search opportunities to their students." 110/ 

2 . Engineering Graduate Students 

In contrast to the increased undergraduate student enrollments In engi- 
neering, graduate engineering school enrollments are decreasing. 111/ The 
ptt portion of engineering school graduates who pursue advanced degrees In engl- N 
neerlng, specifically the doctorate, has- -fallen from an average level of about 
11 percent In Che 1970s to only about 5 percent" In 1980. 112/ 

Data from the Engineering Manpower Commission (EMC) shows that In fall ■ 
1980, there was a total of 44.33S full-«l»« engineering students enrolled In 
graduate. school. Compared with 38.381 In fall 1978, this Is a 15.5. percent 
increase in" enrollment, and a 7.1 percent Increase over fall 1979 <'.1,38*). iil/ 
Nevertheless, the National Center for Education Statistics projects that 



" 109 / • Ibid. 
110 / Ibid. 

' ill/ Wlllenbrock, F. Karl, and Cecil H. Green- United States' and Tech- 
nological Preeminence. Science, VV213, Sept. 18, 1981. p. 1319. 

112/ One tenth of Engineering Faculty Slots Vacant. Chemical and Engl- 
neeriwTNews, v. 59, Nov. 30, 1981. p. 30. 

113/ Actual enrollment numbers were obtained from the EMC during a tele- 
phone' conversation on Jan. 6, 1982. 
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there will be a continual decrease in the number of Ph.D. degrees awarded 
in engineering from 1978 to 1989. 114 / 

The reason for this decline has been attributed to large salaries being 
offered by industry to engineering bachelor's degree recipients. The dif- 
ferences between industry salaries and academic salaries may be discouraging 
many students from seeking advanced degrees and eventually teaching in college 
and university faculties. 115 / Daniel Drucker, President of the American 
Society for Engineering Education, has estimated that "15 percent 'of the top 
engineering graduates [enroll] in graduate programs." "Thu figure," he con- 
eludes, "should be at least 35 percent." 116 / 

i 

C. ENGINEERING FACULTY SHORTAGE 

One~tenth of the 16,200 full-time engineering faculty positions in the 
Nation were unfilled at the beginning of the 1980-81 academic year, according 
to an NSF Highlights report. About two-fifths of these positions had gone 
vacant for at least one year. By field, 13 percent of unfilled industrial 
engineering faculty positions and 16 percent of the computer science/computer 
engineering unfilled faculty positions represent the highest vacancy levels. 117 / 

Large starting salaries offered by various industries to recent bachelors 
degree graduates, as previously stated, generally have been given credit for 

114 / National Science Foundation. Engineering Colleges Report 10% 
of 'Faculty Positions' Vacant , p. 3. . 

115 / Peer, Elizabeth, and Lucy Howard. Help Wanted: .Engineers, p. 87. 

116 / McCurdy, Jack. Faculty Shortage Perils Engineering Schools* Growth. 
Chronicles of Higher Education, v. 22, June 29, 1981. p. 1, 5. 

117 / National Science Foundation. Engineering Colleges Report 10% 
of Faculty Positions Vacant, p. 1. 
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luring potential engineering Ph.D. recipients and future faculty members away 
from academic careers. An NSF survey conducted by the American Council on 
Education has revealed that a large number of deans at various engineering 
schools are In agreement with this statement. 118/ In .fact, It was reported 
that "It would have taken most of the 2,753 engineering Ph.D.'. awarded In 
1980 Just to fill currently vacant engineering faculty positions." 119/ 

The Scientific Manpower Commission (SMC) reports that the average 1981 
starting salaries for petroleum engineers with a bachelor's degree was $26,650, 
an 11.8 percent increase over the average starting salary offered in 1980 
(523,840); a bachelor's level chemical engineer's average starting salary was 
$24,360,' a 12.7 percent Increase over 1980 (521,612); 120/ for an electrical 
and computer engineer, the average starting salary was 522,584; a computer sci- 
entist began with an average salary of 520,712. 121/ For Individuals with 
ra aster's degrees in chemical engineering, the average starting salary was 
526,484; 525,656 for a master's level electrical and computer engineer; com- 
pared with 532,940 for a doctorate degree recipient in chemical engineering, 
and $33,516 for a Ph.D. level electrical and computer engineer. 122/ 

118/ Ibid., p. 3. ) 

119/ One tenth of Engineering Faculty Slots Vacnnt, p. 30. 

i?tW Tn earlv 1982 the SMC reports that starting salaries have increased 
for^ule^h^ - 
^^^X^^^^^ ^nth^ Scientific. Engineering. 
Technical Manpower Comments, v. 19, no. 1, Jan. /Feb. 1982. p. 

121/ Habco Eleanor. Salaries of Scientists, Engineers and Technicians; ' 
A SuS o! S^ary sTr^ys. V., ed. Washington, Scientific Manpower Com- 
.ission, N °-^ f ,„ conpuCer scientists, in early »« . ■ incr...«d 

i i ! u i,,iv 19flL level. The average monthly salary offer now is $1,785 
compared with the July 1981 u ™e 8 / ln thfi above clted 

per month, as opposed to $1,/Jb in July i*oi, 
Eleanor Babco report, p. 5. 

122/ Ibid., p. 8. 
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Along with difference** in ualarles offered by industry and acaderola, dif- 
ficulty In obtaining tenure also hao been noted as a deterrent, for some new 
bachelor's degree holders, to pursuing academic careers. In acaderaia, an"in- 
dlvldual with a doctorate generally begins as an assistant professor, teaches 
for about six year9, and only then Is advised as to the status of hio or her Job. 
The average salaries for full-time engineering faculty members for a nine month 
period for fall 1981, were as follows*. ■ 123/ 

Assistant Professor — $24,100 J 
Associate Professor — $28,100 
Full Professor — $35,300 

Experienced engineering faculty members also have been lured away by 
Industry. 124 / In 1980, about three percent of ijull-tlrae faculty members In. 
permanent positions voluntarily left for jobs In industry. Only engineering 
faculty who worked In the field of computer science had a significantly high 
mobility rate, of about 5.6 percent, the survey Indicated. 125 / 

According to Daniel prucker, President of the ASE£,-"the need for engi- 
neering professors 'is going to get worse and the quality of instruction will 
continue to degrade . . . .' The problem is not Just that too few engineers 



123 / Provided during a telephone conversation with John W. Cells, Staff 
Executive with the American Association of Engineering Societies. 

124 / National Science Foundation. Engineering Colleges Report 10% 
of Faculty Positions Vacant, p. 3. 

125/ Ibid. 
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are going on to graduate school, but that 'far too many of thu best graduates 
are'not going on.'" 126/ As a result, there 1b also a shortage of teaching 
assistants. 127 / 

The Accreditation Board for Engineering Technology (ABET), affiliated with 
the American Association of Engineering Societies (AAES ) , has been reported to 
have "granted full six-year accreditation to only 56 percent of the [engineering 
collegc^and university] curricula it evaluated in the past year. The remaining 
44 percent received a conditional three-year accreditation or were denied it-" 128/ 
Leland Walker, the president of AUET , is reported to consider this "relatively 
low percentage of full accreditation ao a sign of deterioration in education 
^quality." The decline he has stated, "in showing itself in faculty shortages, 
obsolescence of laboratory equipment and oversized classes." 129./ Dr. John C. . 
Hancock, Dean of Engineering at Purdue University, expressed a similar concern 
when he stated at the recent'I^E^S^trum meeting that "there are people being 
placed on university faculties today that 10 years ago we would never have con- 
'sider/d . . . they arc going to get tenure because the Bhortage 1b going to 
continue. Substandard teachers," he also pointed out, "turn out substandard 
engineering graduates." 130 / 



126/ McCurdy, Jack. Faculty Shortage Perils Engineering School's Growth, 

p. 1. 

127/ National Association of State Universities and Land-Grant Colleges. 
Commi7Ee"e on Energy and Environment, Commission on Education for the Engineering 
Professions. The Doctoral Shortage in Engineering: A Growing Crisis. A Policy 
Paper. Washington, Oct. 26, 1981. p. 10. 

128 / Engineering Crunch Seen Tightening, p. 10. 
129/ Ibid. ^ 

130 / Perry, Tekla S. Engineering Education: Coping With the Crisis. IEEE 
Spectrum, v. 18, Nov. 1981. p. 67. 
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Possible solutions to this situation were considered by various panelists 
at the IEEE Spectrum meeting. One suggestion was to raise f acult^^^larles . 
Dr. Paul E. Gray, President of the Massachusetts Institute of Technology (MIT), 
stated that "we have to be able to Increase engineering faculty salaries and be 
prepared to do that In the face of all the economic pressures universities are 
facing and also In the face of increasingly bitter complaints from faculty else- 
where that 'this Is not fair; yoli are raising those folks' salaries faster than 
mine.'" 131 / Dr. Herbert H. Woodson, chairman of the Electrical Engineering 
Department at the University of Texas, stated that this was not a serious problem 
at his university. Engineering faculty members received a small Increase In 
January 1981, he reported, that was not given to other faculty- members. . There 
were somu "disgruntled faculty In the other colleges," he admitted,' but this did 
not "cause any real problems." 132 / 

In 1981, the University of Minnesota was reported to have Increased 
engineering school tuition costs &t about $250 per semester In order, to raise ' jf 
engineering faculty salaries. Richard J. Gowen , Dean of Engineering at the 
Soutfi Dakota School of Mines and Technology, has stated that "his school and 
several others have made similar tuition Increases and are channeling the money 
almost entirely Into faculty salaries." 133 / 

Finding- the necessary funds to Increase engineering faculty salaries was. 

... » 

debated at the IEEE Spectrum meeting. Dr. Gray stated that the extra stipend 

I 

'should come from endowments and tuition because "the salary differential has to- 
be permanent." 134 / Other participants discussed assistance from sources outside 
the academic setting. Dr. George' A. Keyworth, the President's science adviser, 

131 / Ibid. 

132 / Ibid. , p. 68. 

133 / One tenth of Engineering F\*. It Tots Vacant, p. 30. 

1 34 /' Perry, I'ekla, S. Engineering jcatlon, p. I -3. 
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dismissed possible financial assistance from the Federal Covert because of^ 
the "economic views of the present Administration.**' He suggested,, hbwever, two 
alternatives for assistance-Industry, and the Department of Defense <DOD). He 
stated that the DOD could "allow a portion of research grant money to Increase 
salaries 40 percent." 135/ Dr. Hancock, Dean of ^Engineering at Purdue University, 
did not agree with this suggestion. He stated that grant money could not be used 
to raise salaries. 136/ Dr." William J. Perry, former DOD Under Secretary of 
Research and Engineering and currently chairman of a committee of electronics 
industry leaders coordinated by the American Electronics Association (AEA) , 
stated that the- AEA could recommend that its member companies hire new university 
' engineering instructors as part-time consultants. "Most . . . professors with 
10 to 15 years of tenure have all the consultancies they want," he stated, "but f 
entry-level instructors don't. If we can package something so the university can 
of f<r. the instructor a job with a guaranteed consultancy, that would go a long 
way toward dealing with the faculty issue." 137/ 

The Exxon Corporation recently announced a plan to provide $15 million in 
'grants to help allay the problem of the developing engineering faculty shortage. 
The money wouid guarantee 40* t Aching fellowships that would be "three-year 
grants totaling $*0,500 to cover ' tuition , fees and living stipends for recipients," 
and LO'j "alary support grants' to, engineering faculty at 66 colleges and unlver 7 
sides in an effort to encourage more engineering graduates to pursue careers in 
academla- H8/ The support grants would be "five-year, $100,000 awards to 

.135/ Ibid. , p. 69. 
I3j>/ Ibid. 
137/ Ibid. 

138/ Exxon Announces $15 Million for Engineering Education. Higher Education 

Dally, v. 9, Sept. 21, 1981. p. 5. . • 
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engineering departments designed to keep Junior faculty In teaching 'when they 
are most vulnerable to jot offers from industry. 1 " 139 / 

D. STATE OF UNIVERSITY LABORATORY EQUIPMENT 

The average age of most college and^unly erslty equipment In science and 
engineering laboratories .exceeds 14 years. 14 0/ Another source claims that at 
many universities much equipment dates from World War II. 1 4 1 / According to many 
experts, aging laboratory equipment and facilities have been a deterrent to students 
Ln seeking advanced degrees and academic careers. In' addition, it has been stated 
that many "engineering professors leave their academic posts because Industry 
provides them with more exciting and challenging research opportunities." 142 / 

The NSF and the Department of Education report states that "equipment- 
Intensive research areas such as physics, engineering, chemistry, and the life 
sciences have experienced a decade in. which the development, purchase, and 
maintenance costs of Instrumentation have escalated rapidly, while the - state-of- 
the-art apparatus, needed to conduct research at the cutting edge of science, has 
become Increasingly sophisticated — and expensive." 143 / Federal funds for 
university research equipment declined in the 1970s, the report states, and 



139 / Ibid. 

140 / Scientific, Technical, Engineering Manpower Comments, v. 18, no. 2, 
Jiar. 19BI. p. 7. ' ' 

141 / Relnhold, Robert. View From the Lab: Prospects *Are Glum for Engi- 
neers. The New Yo'rk Times, Dec. 23, I960, p. CI. 

142 / Scientific, Technical, Engineering Manpover Comments, v. 18, no. 9, 
Nov. 1981. p. 5. 

143 / National Scientific Foundation and Dept. of 'Education. Science and 
Engineering Education, p. 39.. / 
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equipment costs exceeded Inflation levels. Industrial laboratories, by con- 
trast, have been updated continuously with necessary scientific apparatus. 144/ 
To help remedy part 'of the problem of obsolete university laboratory equipment^ 
the stud'y suggests that there be "greater flexibility In Federal research grant , 
and contract administration that' would encourage pooling of .equipment funds and 
sharing apparatus betweenvunlversity departments; further development of regional 
Instrumentation centers; and enhanced university-Industry cooperation." 145/ 

In 1981, the NSF made 235 awards, through Its Instructional Scientific 
Equipment Program, to colleges and universities In 45 States and the District 
of Columbia. The awards totaled S3 million for the purchase -of laboratory 
equipment to help-Improve Undergraduate science and engineering education In - 
the Nation. 146/ The program Is designed to "strengthen, classroom, laboratory 
and field work experience for undergraduate students by exposing them to up-to- 
date laboratory Instrumentation and current educational .'technology." Colleges- 
and universities receiving the award's were asked to match or exceed the 
Foundation's contribution. This brought the total Investment to over S6 million 
in equipment 1 . / 



144/ Ibid. 



145/ Ibid. / 

146/ Muldoon Ri/£hayd. NSF Awards $3 Million to Colleges and WnivaraitiaB 
for I^ructio^ Sclen " Ration News Release, 

SePC \t 7 NSF 9 Autho P rl/ation Hearings, FY 1983. held Mar. 4, 1982 by the House' 

* * Qripnc'e "and Technolocy Subcommittee on Science, Research, and 

Committee on Science and lecnnoiugy, u 

Technology the qyWion was raised regarding; whether theJSF has a way i 
Instrumentation. 
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IV. STATUS OF SCIENCE AND ENGINEERING MANPOWER 
A. THE SUPPLY OF RECENT COLLEGE GRADUATES IN SCIENCE AND ENGINEERING FIELDS 

Concern about Che current availability of scientific and engineering 
degreed personnel for employment has become evident because there appears to be 
shortages of qualified individuals occurring in some engineering fields, sub- 
specialty scientific fields, as well as in college and university engineering 
faculties • i 

Data are provided below that show recent undergraduate and graduate degrees 
awarded in several scientific and engineering fields. 

1 • Undergrad uate D egrees Awarded in Several Scientific Fields 

Dr. John B. Slaughter, Director of the National Science Foundation,, has 
stated that "we have current personnel shortages at almost every degree level and 
in nearly every specialty of engineering and the computer professions, as well as 
in certain professions of the physical and biological sciences — geology, for 
example." 147 / It appears, however, that shortages in scientific areas may not 
be as critical as those In some areas of the engineering profession since (1) Job 
openings for doctoral faculty members in mathematics, physical science, the 
biological and social sciences, for example, currently are scarce 148 /; and (2) 
there appears to be large numbers of qualified physicists, chemists, mathematicians, 

1 47"/ Perry, Tekla S. Engineering Education, p. 68. 

148/ National Science Foundation and Dept. of Education. Science and - 
Engineering Education, p. 25. 
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and biologists available. The numbers of undergraduate degrees awarded in 1978 
through 1980 are shown in table 1 below. 

TABLE 1. Total 1978-1980 Bachelor's Degrees Awarded 
in Selected Scientific Fields 

1978 1979_ 1980 



Total, all fields,. including science 
and engineering 


930, 


201 


921, 


390 


929,417 


Biological Sciences, 
Total 


52 


213 


48 


846 


46,370 


Physical Sciences, 
Total ' 


23 


175 . 


23 


207 


Si 

23,410 


Computer and Information Sciences, 
Total 


7 


,224 


8 


,769 


11,213 


Mathematics, Total 


12 


,701 


11 


,806 


11,378 



Source: Compiled by CRS from 1979 and 1980 unpublished data received from 

the National Center for Education .Statistics , and from 1978 data in 
U s' Dept. of Education. National Center for Education Statistics. 
Earned Degrees Conferred, 1977-78. Washington, U.S. -Govt. Print. 
Off.,' 1980. p. 28-31., 

The data indicate that there was a 10 percent decrease in all undergraduate 
degrees awarded between 1978 and 1979. In the specific scientific fields listed, 
there was a 7 percent decline in total biological science degrees awarded between 
1978 and 1979, and a further decline of 5.3 percent between 1979 and 1980; an 8 
percent drop in total mathematics degrees awarded between 1978 and 1979; and a 
3.8 percent additional decline between 1979 and 1980. The other fields listed— 
physical sciences Md computer and information sciences-indicate slight increases 
in degrees awarded— a 0.13 percent increase in total physical science degrees 
awarded between 1978 and 1979, <ind a 0.9 percent increase between 1979 and 1980; 
and a 21.3 percent increase in computer and information sciences degrees between 
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1978 and 1979, and a 27.8 percent Increase between 1979 and 1980. Computer 
science is one of the fields in which personnel is in great demand. This may 
be one^pf the reasons for the significant Increases in bachelor's degrees in 
this area. 149 / - , 

2 . Undergraduate Degrees Awarded in Engineering Fields 

A notable Increase has been reported in the number of recent engineering 
■ graduates at the bachelor's degree level. 1 5 0 / This is believed to be because 
of the recent large undergraduate enrollments in engineering schools. The Na- 
tional Center for Education Statistics (NCES) of the. Department of' Education 
notes that in 1979, 62,375 engineering students received bachelor's degrees, and a 
in 1980, 68,893 bachelor's degrees'were awarded, a 10.4 percent increase. 151 / 

Table 2 below shows the total number of bachelor's degrees awarded in 
various Engineering fields from 1978 to 1980. 

TABLE 2.^ Total 1978-1980 Bachelor's Degrees Awarded in 
Various Engineering .Fields 

19& ■ 1979 1980 

Total, all fields, including 

science and engineering 930,201 921,390 929,417 

Engineering, Total ' ' 56,009 62,375 68,893 
Aerospace, Aeronautical 

Astronautical Engineering - 1,186 "1,386 1,424 

BioengineerinB and Bio- 350 422 395 

medical Engineering 



K9 / See Section B below, The Demand of Recent College Graduates in 
Science and Engineering Fields, p. 66. 



150 / Dickson, David. U.S.- Graduate Salaries: Engineers Ahead. Nature, 
v. 292, Aug. .20,' 1981. p. 663. 

151 / Computed by CRS from NCES 1979 and 1980 unpublished data. 
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TABLE 2- Total 


1978-1980 Bachelor's 
Various Engineering 


i Degrees Awarded 
Fields (cont.) 


in 




"1978 


1979 


1980 


Chemical Engineering 


4,615 


5,568 


6,320 


Civil, Construction, and 
Transportation Engineering 


Q 1 A ^ 


9,809 


10,326 


Electrical, Electronics, 
Communications Engineering 


11,213 


12 ,338 


p 13,821 


Geological Engineering 


157 


191 


222 


Geophysical Engineering 


56 


36 


• 56 


Industrial and Management 
Engineering 


■ 2,712 


2,785 


3,175 


Mechanical Engineering 


8,924 


10,107 


11,808 


Nuclear Engineering 


545 


787 


893 


. Other Engineering 


13,396 


18,099 


19,958 



Source: National Center for Education Statistics. 

Total bachelor's degrees awarded in engineering have increased by 23 percent 
since 1978. All other bachelor's engineering degrees listed show increases, al- 
though some are relatively small in absolute numbers. For example, aerospace, 
aeronautical, and astronautical engineering rose .by 38, and geological engineering 
Increased by 31, from 1979 to 1980. More bioengineering and biomedical Engineering 
bachelor's degrees were conferred in 1979, a 20.5 percent increase over 1578, 
than in 1980, which showed a 6.8 percent decline. Fifty-six bachelor's degrees 
were .awarded in geophysical engineering in 1978. This dropped to 36 in 197,9, 
but increased back to 56 in 1980. This no-growth situation in geophysical \ 

— degrees- may indlcate-a-shortage-in- this area on.the.undergrad_aat:e_degr_ee_Je^el^ 

Other factors, however, may also be relevant to the small numbers. Nuclear \ 
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engineering bachelor 1 !* degree recipients have continued to diminish since — ^ 
1978. In 1979, there was a 6.2 percent decline in such degrees awarded, and 
a further 3.6 percent decrease in 1980. It has been reported chat the Depart- 
ment of Energy predicts future shortages in nuclear engineer ing because several - 
universities are eliminating nuclear engineering departments and more plan Co' 
do so. 152 / 

3 « Advanced DegreeB Awarded in Various Scientific FieldB 

Dr. George A. Keyworth, the President's science adviser, has stated that 
"many industrialists are finding chat they cannot get Ph.D.s when they need 
thea." 153 / This problem, he indicated at the IEEE Spectrum meeting, reflects 
the "deterioration of academic life." He also stated that most students who go 
after a Ph.D. do so because it ensures the possibility of pursuing an academic 
career* so if they see an academic career as unattractive, at least half the 
motivation for a Ph.D. disappears 154 / Dr. John C. Hancock, Dean of Engineering 
at Purdue University, stated at the same meeting that "industry was not signaling 
to students that they needed [the Ph.D.]. Rather students get the impression that 
they need only a B.S., and perhaps an M.B.A. later', as they work their way into 
management." 155 / The President of Exxon Research and Engineering, Dr. Edward 
E. David, added that "there was a need in industry for advanced degree holders 
'who understand how co design in an overall sysceras concexc, as opposed Co 



152 / Nacional Science Foundacion and Depc. of Educacion. Science and 
Engineering Educacion, p. 28. 

153/ \ Perry, Tekla S. Engineering Educacion, p. 66. 

W/"\lbid? — — 

155/ Ibid. 
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designing a box or a piece.'" Bachelor's degree graduates, specifically in 
engineering, do not have this "broad view." 156/ 

Table 3, below, shows the number of various scientific -aster's and doctoral 
degrees awarded from 1978 through 1980. 

TABLE 3. Total 1978-1980 Master's and Doctorate Degrees Awarded 



In Various Scientific Fields 
1978 " 1221 
M.S. • Ph.D. M.S. Ph.D. 



\ 1980 
M.S.' Ph.D. 



Total, all fields, 
including science 
and engineering 



312,816 



Biological Sciences, 

Tocal 6, 851 



32,156 301,079 
6,831 



Physical Sciences, 
Total 



5,576 



3,313 

3,L37 

196 
805 



5,451 

3,055 
3;036 



32,730 

3,542 

' 3,102 

236 
703 



298,081 

6,510 

5,219 

3,647 
2,860 



32,615 

3,636 

\ 

3^)89 

24o\ 
724 



Computer and Informa- 
tion Sciences, Total 3,038 

Mathematics, Total 3,383 
Source: National Center for Education Statistics 

Total master's degrees awarded in all scientific fields show a declined 
L979, there was a 3.9 percent decline over 1978, and a slight decline of 1 percent 
in 1980 over 1979. On the Ph.D. level, total degrees awarded in 1979 showed an 
increase by 1.8 percent, but had a small decline by 0.4 percent in 1980. Of the 
scientific fields listed, there were decreases in all fields in at least one de- 
gree level except In the computet and information sciences where there were 
increases on both degree levels for 1979 and 1980. Total degrees awarded in the 
Physical scien ce field declined at both degree level, In 1979 and 1980. In the 

156/ Ibid. 
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biological sciences and mathematics areas there were drops In master's degrees 
awarded In 1979 . and 1980, but increases at the Ph.D. levels. In mathematics, 
specifically, Ph. D. s' awarded in 1979 declined by 15 percent from 1978, but in- 
creased 3 percent in 1980, indicating, however, an overall 12 percent decline 
in the number of degrees awarded since 1978. 



4. Advanced Degrees Awarded In Various Engineering Fields 

Table 4, below, provides the number of engineering graduates awarded master* 
and doctoral degrees from 1978 to 1980 in several engineering disciplines. 



TABLE 4. Total 1978-1980 Engineering Masters and Doctoral 
Degrees Awarded in Various Engineering Fields 





1978 




1979 




1980 






M.S. 


' Ph.D. 


M.S. 


Ph.D. 


M.S. 


Ph.D. 


Total, all fields 
including science 
and engineering 312,816 


32,156 


301,079 


32,730 


298,081 


32,615 


Engineering, Total 


16,409 


2 , 440 


15,495 


2,506 


16,243 


2,507 


Aerospace, Aero- 
nautical,/ Astronau - 
ticaZ . Engineering 


411 


115 


' 3 72 


. 95 


382 


99 


Bioengineerlng and Bio- 
medical Engineering 


191 


61 


189 




209 


49 


Civil, Construction, 
and Transportation 
Engineering 


2,691 


277 


2,646 


253 


2,683 


270 


Electrical, Elec- 
tronics, Communlca-' 
tlons Engineering 


3,742 


503 


3,591 


586 


3,836 


525 


Geological Engineering 


52 




27 


3 


36 


2 


Geophysical Engineering 19 


1 


16 


1 


16 


4 


Industrial and Manage- 
ment Engineering 


1,722 


118 


1,502 v 


149 


" 1,313 


116 
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TABLE 4. Total 1^8-1980 Engineering Master's and Doctoral 
Degrees Awarded in Various Engineering Fields (cont.) 

' 1978 1979 " 1980. 

M.S. 

Mechancial Engineering 1,943 
Nuclear Engineering 494 
petroleum Engineering . 98 
Other Engineering 3,809 



Ph.D. 


M.S. 


~~Ph.D. 


M.S. 


Ph.D. 


279 


1,877 


271 


, 2,060 


281 


112 


401 


91 


365 


49 


21 


127 


24 


122 


25 


694 


3,598 


679 


1,948 


326 



Source: National Center for Education Statistics 

-The Street Journal reports that the number of doctorates awarded In 

engineering has dropped 25 percent within the last decade. 157;/ Since 1978, 
however, total engineering Ph.D. degrees awarded, as Indicated by NCES data, 
have Increased by 2.7 percent In 1979, and a further 0.04 percent In 1980. 
Doctoral degrees awarded In certain engineering subspecialty areas listed above, 
however, have decllned-no Ph.D. degrees were awarded In geological engineering 
in 1978, three were conferred In 1979, and only two.glven In 1980; one Ph.D. . 
degree- was awarded In geophysical engineering In both 1978 and 1979. The number 
increased to four in 1980. 

According to a report by the National Association of State Universities ■ 

and Land-Grant Colleges, 

The production of engineering doctorates In the U.S. 1- far short of ■ ^ 
requirements. This shortage threatens to underline ££™ th ■ 

our basic Industries; (2) our ability to compete In world »»*«b. 
„,„,.,.ii-v ro foster defense-related technologies; W our 
» atlvlty P o new - "rials and industries; and (5) the fundamental 
capability of our universities In teaching and research. 158/ 



157/ Lowensteln Roger. Two-Edged Sword: Surge In Engineering Enroll 
^nts^gln^E^e industry's Shortages But- Stirs Trouble at Colleges- The 

-Wal-1-Street-Journal,-Aug.-?0, 1981. p. »• 

, 158/ National Association of State Universities and Land-Grant Colleges, 
p. 1. . 
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B. THE DEMAND FOR KECK NT COLLEGE GRADUATES IN SCIENCE AND ENGINEERING FIELDS ■ 

The Scientific Manpower Commission reports that there Is an extensive demand 
for professionals In engineering and computer science. According to the SMC, a 
survey conducted by the Fox-Morris Personnel Consultants of Delaware found ( for 
example, that the overall demand for electrical and electronic engineers Increased 
2 percent from early 1981 to the same time in 1962. In addition, electrical/ 
electronic and mechanical engineers head the demand for engineers with 2 to 5 
years experience. During 1982, such experienced ' personnel and new graduates^ 
will be sought mostly In electrical, mechanical, and chemical engineering. 159 / 

BLS spokesmen report that there are not enough computer specialists 
graduating from colleges and universities to meet the current demand. 160 / 
"Graduates of programs In computer science are filling I out of 6 [available] 
jobs at the bachelor's level, 1 out of 11 jobs at the master's level, and 1 out 
of 4 jobs at the doctor's level. 161 / 

A Scientific Manpower Commission staff member has stated that It Is un- 
clear whether there Is a shortage at the undergraduate level In computer science, 
but It Is clear that there Is one on the graduate level. Computer scientists, 
especially programmers, are In great demand, but the supply Is inadequate to 
meet that demand. This situation shows no sign of Improving, the spokesman 
Indicated, because the "computer world" Is advancing at such a rapid pace. 162 / 



1 59 / Scientific, Engineering, Technical Manpower Comments, v. 19, no. 1, 
Jan. /Feb. 1982, p. 3. 

160 / Computer Occupations. Occupational Outlook Quarterly, v. 25, no. 2, 
Summer 1981. p. lh> 

161/ Ibid. 

162 / Discussed during a telephone conversation with Betty Vetter of the 
SMC on Nov. 30, 1981. T '.' 
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The SMC reports thaf this de-and Is about 20 to AO percent greater than the 
supply. Recent graduates cannot £111 "even the present demand for systems 
analysts and programmers . " This has^resulted In "students with majors In 
other fields who have completed computer science courses In college also . . . . 

finding jobs In this area." 153/ 

The Fox-Morris Personnel Consultants survey found that the demand for all 
disciplines of the computer profession will be up 19 percent In 1982, over 1981, 
with the demand for computer programmers even higher, showing an Increase of 
2 1 percent compared with 1981 'levels. 164/ °«>« ■Pecialtiea In great 

demand, they noie.'are "systems analysts, telecommunication specialists, auditors 
with data processing knowledge, various levels of managers and. executives . and 

new B'.S. graduates." 1£5/ 

in 1978, the BLS reports that there were 182,000 job openings for systems 
analysts', 247,000 for programmers, 393,000 for computer operators, and 63,000 
for computer service technicians. 166/ 

' c. NATIONAL GRADUATES TN SCIENCE AND ENGINEERING FIELDS 

IN THE UNITED STATES 

Theresas been a particularly noticeable Increase In recent years In 
foreign science and engineering graduate students In the United States. 
Petroleum engineering ,eems to be the area In which the most remarkable growth 



163/ scientific, Engineering, Technical Manpower Comments, v. 18, no. 2, 

Mar. 1981. p. 5. 

164/ Ibid., v, 19, no. 1, Jan. /Feb. 1982, p. 3. 

165/ Ibid., v. 18, no. 7, Sept. 1981, p. 3. 

166/ Ibid., v. 18, no. 2, Mar. 1981, p. 5. 
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ha* turret li hucii trend a eoutlnm: throughout the 1980s, a recent NSF 
re- .m. ha j stated, jIjosl all. petroleum engineering graduate students will be 
non-"J ■ S , citizens, and non-U. J. citizens will comprise over 50 percent of 
g r,idu^"..i students er.ro lied In most science and engineering lie Ids. 167 / 
Table , below, compares U.S. science .iikJ engineering full-time graduate 
stud**---, i with full-time foreign, grddti^ite students In the United States 
enrolled In Institutions granting doctoral degrees. 

TAB;.*: 5. Comparison of L'.S. and Foreign hill-nine Craduate Students 
in Docrorat.* Craving Institutions 168 / 

Fiscal Year 11*74 Fiscal Year 1979 

Field of Science 

or Engineering U.S. Vorvign I Foreign U.S. Foreign Z Foreign 



I'etr.j . Kng. 




L6 J 


62;: 


171 


250' 


68* 


£ I ect . En.^f 


s ^ A 9 


2, -',01 


31% 


4,549 


3,709 


hbX 


Mech. Kng. 


: ] 7 7 b 


I ,436 


34* 


2,7^4 


2,241 


457. 


Corap. Scl. 


2,957 


31^ 


•> * 


3,685 


1 ,590 


30% 


Math V Appl . Math 


7,t:*2 


L 




: 5,204 , 


2,066 


287. 


Jource: Acadera i.c J 


( Ck'OCC O.r.jJ 


>MCu i 


;tiruilr.ie^.c and 


Support , 


Kail 1979, p. 48, 


64. 


Jo cement 80-321. 












In all lipids, 


, a^aln refc 


r r ing 


to the data In 


table b. 


, there have been 





^j^nlf leant increase; in on roi lnurnt -^f full-time foreign graduate students between 
:i«cal years 1974 and 197/. J.n petroleum engineering, full-time enrollment of 
non-U. S.. citizens increase. I by 33.3 percent in FY 1979 over FY 1974, compared to 
a 19.3 percent growth in U.S. citizen graduate enrollment; in electrical engineer- 
ing, foreigners Increased by 54.4 percent, while U.S. citizen enrollment in this 
field declined by 15.3 percent; In mechanical engineering, full-time graduate 



16 7 / Mat lonal He lejice Found at Ion . Sltuat Ion Report — Selec ted Federal 
Agencies' RMJ Budgets. Report by Dr. M. Kent Wilson, Director 0PR>1. [By] Syl 
McNlncy, Jr \ Executive Assistant for Budget Policy, Washington, June 22, 1981, 
updated, July 6, 1981. p. 9. 



168/ Ibid. 
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engineering enrollment of foreigner-, expanded 56 percent, while comparable U.S. 
citizen graduate enrollment decreased slightly by 0.8 percent; In computet 
acience, graduate foreign enrollments Increased 94.1 percent, U.S. citizen 
graduate enrollment In this field (increased by 25 percent; and In' mathematics 
and applied mathematics, non-U . S 1 'citizen graduate school enrollment expanded 
58.3 percent, and the full-time graduate enrollment -of U.S. citizens In. this 
area declined 36 percent- 

A common concern of both U.S. Industry and u „iver 8 itle8«8ee» 8 to be that 
■■there is a dearth of Aa.ric.n-born studunta pursuing advanced degrees In engi- 
neering, and in related research and technical fields. The results are a dwind- 
ling pool of U.S. -born talent fro™ which [various] companies can draw their R&D 
scuffs and universities can obtain faculty, and a troubling export of know-how 
t0 other countries." 169/ The places of U.S.-born students are being filled 
by non-U. S. .-.itlzens In both college and university -classrooms , subsequently 
in faculty positions ir. acadumla and in. tcchnicallndustrial occupations. 170/ 

According to data compiled by the SMC 171/, In fall 19B0, a total of 
44,335 full-time engineering, students wore enrolled in all U.S. graduate , 
schools, including those which-do not grant doctorates. Out of thl. "umber, 
16,120 or 36.4 percent were fu'relgn national students. Students enrolled ^ 
part-time in ^aduate engineering school totaled 23,250, of which 2,690 or 

169/ -Wanted: U.S. -Born Graduate Students. Chemical Week, v. 128, ^ 
Junel24, 1981. p. **. " 

\70/ Chesser, Thomas M. Foreigners Snap U P the Ulgh-Tech Jobs. The 
New fork Times, July 5, 1981. p. 13. • 

' I7l\ Vetter, Betty, and Eleanor Babco. 'professional ..omen and Minor- 
it les7 Manpower Data Resource Service. Washington, Scientific Manpower 
Commission, Feb. 1981. p. 150. 
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11,6 percent, were foreign nationals. The National Research Council reports 
that in, 1980, 46- 3 percent of all doctoral degrees awarded in engineering 
went to non-u\S. citizens (1,149 out of a total 2,479 awarded). 172 / Of 
those foreign national students, 299 (12.1 percent) hold permanent visas, while 
850 (34.3 percent) hold temporary visas. 173/ 

The NRC also has found that the type of position that most of the non-citizen 
Ph.D. recipients expected varied between the permanent and temporary visa groups. 
Of those holding permanent visas with firm employment plans, 45.8 percent were' 
anticipating jobs in Industry or business while 41.8 percent indicated commitments 
to work In the academic environment. 1 7 4 / Of the temporary visa holders with 
definite employment plans, 61.1 percent Intended to work in academe . 

Paul Morris, Jr., Head of Chemical Process Industries (CPI), who recruits 
for the Fox-Morris Company of Wilmington, Delaware, has stated that "foreigners 
who decide t^o remain in the U.S. are forced by the marketplace to get higher 
degrees to compete with U.S. citizens for the same jobs. The majority are of a 
very high caliber, among the best their country has, and graduate in the top 
fifth of their class." 175 / 

In the academic ar'e^, Yatlsh T. Shah, professor and chairman of petroleum 
and chemical engineering at the University of Pittsburgh, has observed that 
"it Is difficult to get top-quality American graduate students. We have to take 
foreign students to work on research projects at Pitt, and placement afterwards 

172 / iNational Research Council. Commission on Human Resources. 
Summary Report 1980: Doctorate Recipients from United States Universities. 
Washington, National Academy Press, 1981. p. 12. 

173/ Ibid. ' • 

1 74/ Ibid., p. 21. 

175 / Wanted: U.S. -Born Graduate Students, p. 45. 
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l. a problem. SLty to 70 percent ..( Pitt's full-tl«e graduate enrolloent In 
chemical engineering Is foreign." 126/ 

A t the Massachusetts Institute of Technology. (MIT) , Robert C.Seamans, dean 
of the school of engineering,, reports that, out of 345. faculty members, 20 percent 
are non-U. S. cltUens. and this percentage could go even higher. In 1981 "we 
have sn opening for an assistant professor of aeronautical engineering . 
received 12 applications— none from U.S. citizens." 177/ 

The practice of using foreign engineers as faculty members raises two 
problems, according to Dr. Robert A. Frosch, President of the American Associa- 
tion of Engineering Societies (AAES)" CO the question of "whether these 
„oglr.eera ate In effer.t migrants, and therefore permanent recruits to the 
U.S. scene, ., whether they are merely a temporary force which will go back to 
th «lr home countries after a while"; and (2) "language problems, In some . 
cases compounded by cultural differences fro. the students they are teaching." 178/ 
These latter deferences, however, may be overcome, by requiring new foreign faculty 
.embers to take "Intensive English language training and possibly some cultural 
orientation, as part of their early faculty work." 179/ . 

The following list is of various industrial firms that have reported 
the percentage of non-U. S. citizens that they employ: 

r The Xerox Corporatlon-15 percent of Its 2,000-person domestic 
' z' iic are resident aliens; 

176/ Ibid. 

177/ Ibid. * 
17ft/ US Confess. House. ' Committee on Science and Technology. 

En «ln^n, Manpower Concerns. Hear Ings , 97 th Cong. , l«S.... Washington, 

U.S. Govt. Print. Off., 1981. p. U. 

179/ Ibid. 
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— General. Klec t r lc~~25 percent of a 350-person research and develop- 
ment staff at its research facility in Schenectady, New York, 

are non-U. S. citizens; 
-7 Intel, a manufacturer of computer memory circuits and other 

electronic components — Non-U. S. citizens account for AO percent, 
out of 500 research staff members, also 75 percent of 100 Ph.D.s 
on the staff; and 

— DuPont — 20 percent of about 400 research-oriented Ph.D.s ace 
foreigners. 180 / ' * / 

David Small, president of Scientific Placement, an executive search firm 
that locates positions for middle- and upper-level technical personnel, has been 
reported as stating that many corporations make conservative estimates of the 
number of non-U. S. citizens they employ. "Most don't include the number of 
aliens that have since gone on to become U.S. citizens. If you want to count 
them, you can add another 5 to 10 percent to their total." 181 / 

According to a report by the American Electronics Association, about 
one-third to one-half of all foreign national graduates in technical areas 
return to their native lands. 18 2 / The study points out, however, that there 
are benefits to having these foreign students in the United States. 183 / 
They -.re; 

— (P)ayment of badly needed non"*resldent tuition dollars to universities 

and colleges; \ 

— — ' -. j 

180/ Chepser, Thomas M. Foreigners Snap Up the High-Tech Jobs, p. F 13. 
181/ Ibid. 

182/ American Electronics Association. Technical Employment Projections 
Profes.ilori.ils and Para.rof essionals , 1981-1983-1985. Palo Alto, CalJ.%, 
American Electronics Association, 1981. p. 184. 

183 / Ibid. , p. 183-184. C 
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- [1 Indirect assistance to help third world countries develop as _ 
graduates return home; and 

- [Graduates who do retur.n to. their natlv e .countries . . . 
sensitive to Western ideology and U.S. products within the inter 
national marketplace. 

On nhe other hand, the report also lists some disadvantages: 

- Uln seme cases U.S. students with adequate grade-point records are 
being excluded for college entrance in Fuor of foreign students 
with high records; 

- [N|on-resldent allens--llke residents-are putting a strain on 
acideilc resources of faculty, classrooms, and equipment which arc 
already at the capacity and perhaps near-stress-level; and 

[Wei Have a large number of senior faculty in our colleges 
today who are at or near retirement age. Who will teach the 

echnlcal students tomorrow? Foreign students who « ^ her8 

not wish to remain In the United States are lost as either teachers 
or as employees. 

D . The Engineering Manpower Sh ortage: 'Real or Imagined? 

' The previa... dara ■...« discussions presented by different authorities seem 
to Indlcar* rf.,l there .» . tgnlflcant decrease In the supply of some degreed 
engineering ^r^,n,el and also similar decreases of personnel to lesser 

extents f varices sci-.M-ic fields, in relation to the demand. There has been 
some quests. a,, to vhether there is actually a shortage. No consensus 

exist, on tue shortage question, the SMC reports, especially concerning a future 
aliortage. IB 4 / 

On November *16 and 17, 1981, a "Conference on Engineering Manpower Supply 
and Demand" was held by the IEEE's United States Activities Board (USAB). An 
IEEE news release reports that, at' the meeting, "IEEE leaders argued that, overall, 



184/ Scientific, Engineering, Technical Manpower Comments, v. 18. no. 10, 
Dec. 1981. p. 6. 
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ther« h a balance hi supply and demand of U.S. engineers, though there might be 
i shorjrflge In some regions or specialties." 185 / 

Robert A. Barden, Chairman of the IEKE/USAB Career Activities Councfil, 
contends that, If there were an engineering shortage across the board, median 
engineering salaries would Increase significantly. Statistics cited by Barden 
Indicate that engineering salaries decreased between and 1901 "when measured 

in 1968 dollars." He also pointed to a drop in the ratio of "median experienced 
salaries" to starting salaries over the 13-year period. Barden suggested that 
conference participants make a distinction between "spot" manpower shortages and 
"perceived" national shortages. JL_86 / 

Dr. Bruno 0. Weinschel, Chairman of the American Association of Engineering 
Societies (AAES) Engineering Affairs Councfl, stated that "a nationwide engineer- 
ing shortage ia difficult to establish, but there might be a shortage of blue- 
collar technicians." In addition, he cautioned that "some figures on Che engineer- 
ing shortage might be misstated because of unjustified or multiple future expecta- 
tions. 'We have to examine some of those squeaky wheels to see if they really need 
what they claim.'" ite also suggested, however, that the current problem with 
engineering manpower Is quality, not quantity 187/, a very important concept 
in the ooufxt of this report, bu". one which has not been addressed here in 
detail ;> , ; e of lack of appropriate data- It will be reraerabered , however, 
that thet- was an apparent decrease in the quality of pre-college science and 
nathema.. a aptltuue discussed In section II, above. 

185 / Institute of Electrical and Electronics Engineers, Inc. IEEE 
Leaders Challenge Perceived Shortage of Engineers; Presidential Science 
Advlsf.'i: Plans Engineering EduratJon 'Man i f est.o . 1 News Release, Nov. 30, 
1981, 



L86/ Ibid. , p. 3. 



187/ Ibid. 
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' Whether ur not there are shortages of engineer,. across the board or just 
ln several diverse engineering discipline see 0 s not to be the major concern 
expressed by the witnesses at the October 1981 hearings held by the House 
Committee on Science and Technology. The belief that there are a number of 
significant problems that need to be addressed Involving the U.S. scientific 
and technical edncatlon, and Its impact on the Nation's technological produc- 
tivity, appeared to bethe general ,onc«n" evident at the two-day hearings. 

T. j^lcMtaMtQ/Vsli^SXSS?, »" d Technol °8y 

The United States Is still widely considered the scientific and tech- 
nological leader.of the world. If solutions are not found for the several 
scientific and engineering manpower problems that pave been previously dis- 
cussed, however, there Is concern that this load may be In Jeopardy. As 
Dr. Prank Press ,' President of the National Academy of Sciences (NAS) and 
formerly science adviser to President Carter, testified at the House Committee 
on Science and Technology hearings, "there Is a widespread belief that our 
technology today Is growing less competitive with other Industrial nations 
and that the scientific and engineering facilities In which we educate and 
train' future generations show an alarming slippage In comparative quality," 
including the "outmoded equipment" used by university science and engineering 
departments that "often lags behind the technological facilities employed in 
the laboratories of our industrial plants." 188/ 

Dr. Press also expressed concern about whether the Nation's colleges 
and universities could keep up with the "accelerating advances of modern 



ids/ House Committee on Science and Technology. Engineering Manpower 
^oncerr,-?, p. ■137. 
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technology" in mn:li rapidly growing fields an "computer engineering, robotics, 
e leetroules , genetic engineering, and the several tleldu of energy engineering," 
with the shortage of qualified engineering faculty members and overcrowded 
iiml>' rgraduate engineer lag schools. In addition to this, the previously mentioned 
dec line In pre-eollege student performance of science and mathematical abilities 
are "longer-term conditions that could limit our ability to stay In the' fore- 
front ay the world's technological leader." Dr. Prusu warned that "an Impending 
crisis awaits us . \n the next decade as these Ill-prepared secondary schonl 
studentii begin to iwvr Into society or to the level of college education." JJ*2/ 

John H. Opel, the president and chief executive officer of the IBM Corpora- 
tion, seems to agree with Dr. Press's conclusions. He has stated, In a r«p i 
that "the United States Is slipping In the race to strengthen not Its capacity In 
buildings and machines, vital as they are, but the capabilities of Its people: 
talented, educated, and trained human beings — the ultimate resource In any 
nation." l_90/ Furthermore, he Indicates, that this national problem also can be 
seen In International economic competition, Specifically, he states that, "we 
risk, lowing out against tougher, more pragmatl., more 'ulventurous International 
contenders In the years ahead." 191 / To emphasize this point, he lists several 
areas In which he feels the Notion has begun slipping our imports of Japanese 
iind German automobiles, Bteel, and television sets (not to mention semiconductor 
memory chips); our loss of market share In exports of manufactured goods; and 
above all our rate of Increase In manufacturing productivity, which has been lag- 
ging behind that of virtually every other Industrialized country In the world. 192 / 

189/ Ibid., pl%44. 

$' 

19U/ Opel, John R. Education, Science, and National Economic Competi- 
tiveness. Science, v. 2 17, Sept. 17 , 1982. p. 1116. 

191 / Ibid. 

192/ Ibid. 
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Many Industrial linn... educators, and several engineering prof .as tonal 
societies are attempting to resolve the engineering manpower and science and 
engineering education conce"« d 1 acusaed- above . Examples of such efforts are: 

- Eight U.S. corporations, AT&T , UuPont, Exxon, General Electric, 
General Motors, General Telephone and Electronics, IBM, and Union Carbide, arc 
taking action to help solve the university engineering faculty shortage; . 

- The Kxxc-n Corporation has announced a S15 million grant to 66 schools 
to provide living expenses for graduate students and supplemental salaries foj 
engineering faculty; 

- The Council for the Undo rat mid Ing of Technology In Human Affairs j 
(CUTKA), a consortium of over 1 00 college* and universities, 1b trying to get, 
literal «cts faculties to understand and teach the Importance of technology < 
In today's environment; 

- The national Research Council of the National Academy of Sclencca, 
and the National Academy o£ Engineering, haa been Involved In extensive study 
of the engineering manpower problem; 

- A National Engineering Action Conference with representative from 
acdemla, Industry, professional societies, and the Federal Government 
convened on April 7, 1982, to dlacuaa solutions regarding the situation; 

- The Massachusetts High Technology Council (MUTC) Is supporting a 
prar-sal tor Its oer-bers to give up to 2 percent of their annual research and 
development budgets to assist universities In hiring more engineering faculty 
and In buying computer equipment; and 

- The U.S. Semiconductor Industry Association anticipates a 56 million 
budget for 1982 and a $10 million to ,1S million budget In 1983. These funds 
would be made available to universities for research projects In the semi- 
conductor field and also wold be used to help Increase the number of technical 
career-oriented graduate students. 
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In addition to these eiittaavorii , < the tKKli has announced that George Keyworth, 
the president^ science advisor, has coma Uteri tils office to expedite jjuch efforts 
through the.: 

- Development of a "manifesto" si^.-i \n key U.S. Jeadera stating engineer- 
ing education's problems and possible solu t /.una j 

- Creation of model programs for sharing limited engineering and science 
talent between acaderala and Industry; and 

- CuiiN ideratl on of a scheme to allow Industries to contribute to a 
university equipment leasing fund. 193/ 

General Robert Marsh stated dorlng the hearings of the House Coram 1 t ee 'on 
Science and Technology that "if this nation Is to retain Its position as first 
and foremost In world technological leadership, [ItJ rausf pursue n comprehensive, 
decisive and far-reaching national educational policy for the coming de- 
cade . . . 194/ He listed the following recommendations that may assist 
In accomplishing this task: 195/ 

- . • . {AJ national goal [should be set] to be -fivat in the world In 
the scientific and technological fields; 

— . . . [T]he primary and secondary school curricula [must completely 
be restructured] to provide an education strong In the scientific 
and technical areas. This Includes upgrading the facilities as well; 

- . . . [tjnereased pay and benefits [should be supported] to attract 
the quantity and quality of teachers needed to ensure a quality 
education for our students; 

"... i A J long range plan [should be Implemented] to Increase the 
capacity of our Institutions to turn out quality scientists and 
t»n u'its In the numbers needed to handle the challenges of the 



,-tr n t., Nov. 6, 1981, p. I. 

,ice and Technology. Engineering Manpower, 



193/ 1KKR Spectre- 

lj? f ./ House Commit te*. 
p. 50. ~ 

195/ Ibid. , p. 50-52. 
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lP)ron o t o the .cicntl.lc and engineering education of . vaat untapped 
resoucce-the alnorltlea and women of the nation, 



th 
ac leiict; 



liMlaet! aUnlflcantly Increased funds Into research and 
^.lo^VrlEiluns^ and ^r-reachln* ^projrnt. to ensure . 
that advnnceB will be there when we need them, and 

u mi, r« - ensure that w e have the ability to attract 

For the military— . • • e " 8UCe ."" of sclenC ls: and engineers 
and retain the quantity and quality of sclcntl 
we need to provide a strong" m 11 Lttti " force . . - 
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V. RKCAP ITUALT LON i SCIKNTlKi«: A.iJ TKCff N ICAL EDUCATION IN THE, UNITED STATES 

Most elementary school teachers surveyed by the NSF lacked con- 
fidence about their knowledge and understanding of science nnd science concepts; 

Biology was found to be the most commonly required science course needed 
for high school graduation in schools across the Nation with such requirements. 
NSF also found it to be the last science course taken by post high school . Htudun ts , 
usually in the LOth grade. Consequently, a .large 'number of culled fltuJeuLe do 
not receive exposure to science courses beyond LOth £rVle btol. ty; 

Sev e n tee n-y earmolds showed a continued dec Line in tu- ' achievement 
in all three assessments taken by the National Assessuen ' itiul Progress 

(NAEP) over the periods 1969-70, L972 r 7.3, and 1976-77; 

— The NAKP found, overalL, that tLerr was a d»'cl"ie , ^atics 
achievement among 9-, 13-, and 17-year-olds during the Lj/Usj 

— L)r. Prank Press has stated that the decline in the tscienLl 1 1 1* und math- 
einaticaL capabilities of .pre-col lege students are "If , t conditions" t hat 
may hinder the Nation's ability to maintain its techno! o« Ual lead; 

. — Undergraduate science education has en crLL.^:i.zcd by the NSF and 
Department of Education study as being too theoretical and esoteric for most 
students, and oriented toward those who intend to do graduate study; 

— There have been recent declines in Ph.D. enrollments in t the mathematical, 
physical , ^and life sciences according to the NSF nnd Department of Education's 
study., Because of this trend, there may not be sufficient numbers of qualified 
individuals to fill anticipated vacant faculty positions in these areas in the 
raid-L990s when mass faculty retirements are predicted to occur; 

i 
i 

J 
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- equate engineering —«■«• «• <"""» ln " e " ,CCUUy ^ 

docCoral ^cl. *s a -it. * - — ^^"^ ^ 

thu nurab er o f .en 8 lneeUnB doctoral degrees conferred has dropped » percent within 

thu Mat Jiicadu; 

tt l3 »„ e clc wither there Lb . shorty »t the undergraduate level 
ln cooput er BCtence, but U la clear that there I. one on the gradual lev,! . 
according to a Scientific Manpower Co.»isalon spoHesaan; 

. ' ,„ .. ttl . .dooU-co, -specially probers, are L. 8 rent de.and and 

. „, ' adeauute. The de.and La about 20 to 40 percent .renter then the 

supply . Th Is situation shows no sign or l» P rovln Bl because the "colter world' 
Is n dva,.cln 8 at such a rapid pace, an SMC spokesaan has found; 

.. ,„ r ,,.,a years, there has been a noticeable Increase In the nu.ber of 
fotel pn science and engineering graduate students Ln the Nation, specially Ln 
the field of petroluu. engineering. If this trend continues thro« g hout the 1980s, 
, redlctB the SSP, al.ust all petrol engineering g raduate students Will be non- 
U.S. cltUens, and non-0. S. cltUona will co^rlse over 30 percent of 8 raduate 
students enrolled Ln »OSt science and engineering fields; and 

The re is no universal agreement as to whether currently there actually 
l3 . 6h ortage of engLneers- leaders of the Institute of Electrical and BlectronU 

„, „ S enters, although tbere »ay be a shortage Ln so m e fields or specialties. 



83 



Part ii. scientific and technical education in 
japan, the soviet union, and west germany 
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1. INTRODUCTION 

In Japan, -he Soviet onion, and West, Germany, special emphasis Is placed 
on science, mathematics, and engineering In their educational systems. Leaders 
In these countries, and perhaps others, apparently believe that scientific and 
technical literacy plays a significant role In their world positions. Soviet 
Chairman Leonid Breshnev, for example, has been quoted as saying that "the field 
cE scientific and technological progress is today one of the nar fronts in the 
historical battle between the two [U.S. and Soviet] systems." 196/ Such a belief 
m ay have been the impetus that has led to a work force with extensive scientific 
and technological literacy ard which may become a major threat to the ability of 
the United States to "generate and incorporate technological change In its 
production and utilization of goods and services." 197/ 

The NSF and Department Education study has found that managerial posi- 
tions in both the government and industries of the Soviet Union, and particularly 
of Japan, are staffed by Individuals with engineering degrees. Furthermore, It 
states that "over the past 15 years .... while [West] Germany and Japan con" 
tlnued to stress science and mathematics for all their secondary students, and 
„hlle U.S. secondary students not Intending to major In science and engineering 
were choosing. to take fewer science and mathematics courses, the countries' share 



196/ Trimble, Jeff. Russia^ New Challenge to U.S.-ln the Classroom. 
U.S. ^s and World Report, v. 89, July 28, 1980. p. 50. 

197/ National Science Foundation and Dept. of Education. Science and 
Engineering Education, p. 59. 



of world trade in manufactured items* (excluding food and fu.il) changed . . . . M, 198/ 
Between 1963 and 1977, "productivity increased in the manufacturing industries 
of . . . Viest Germany, Japan, and the U(nited) S[tates] ... by 114 percent, 
197 percent, and 39 percent, respectively." 199/ 

Part II of this report examines the educational systems of these countries 
In relation to student instruction in scientific and technological areas. Also, 
the scientific and technical understanding and capabilities of the general 
populations are examined. Notable, basic comparisons between the countrler' and 
the United States in regard to this instruction are discussed. 



198 / ibid. 
199 / Ibid. 
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lI# SCIENTIFIC AND TECHNICAL EDUCATION IN JAPAN 

A. ELEMENTARY SCHOOL 

The standard" Japanese school system la divided Into four stages" 
ele.ent.ry <o years); Junior high (3 years); -en!*, hi* <> P~->l and hl 8 her „ 
education <4 years). Kindergartens are placed at the pre-school level for 
pupils between the ages of 3 and 3 years, and -oat are private Institutions. 200/ 
Elementary school Is entered at the age of 6 and Is the first year of a 9-year 
compulsory education system that ends at the age of 14. 201/ "All students- 
regardless of achievement, retardation, or attendance records-are somatically 

promoted each year lAJfter 6 years In elementary school, all students 

graduate and are passed on to the Junior high school." At the age of 14, the 
6tud ent decides whether or not to continue on to senior high school and eventually 
puraue a higher education. As of 1972, 90 percent of Japan's 15-year-olOs entered 

senior high'BChool. 202/ , - 

The majority of Japanese elementary school, teachers are assigned to one 
class on a particular grade level and teach most subject areas as In the United 
States. The science and mathematics curriculum Pj er wee, for each grade consists of 

O 

200/ Statistical Handbook of Japan. Bureau of Statistics, 0ff.ee of the 
PrlmeTUnister, Tokyo, 1978. p. 125. 

Washington, U.S. Govt. Print. Off., 1975. p. 111. 
202/ Tbld., p. 147. 
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"7 to 9 horjro'of social studies, 3 Co 6 hours of arithmetic, [andl 2 to 4 hours 

I 

of science. . ". ." 203 / The number of hours per week spent In sclerce and 
mathematics Is significantly higher than In the United States, as discussed In 
part I, section II, above. Moreover, the Japanese school year Is about 240 to 250 
days rathe.r than 180 days as In the United States. 

I . Mathemaf les Instruction 

Although a national achievement test of 5th and Cth grade students In Japan 
revealed a decline In writing ability 204 / , the learning of srlthmetlc was found 
to be very successful. Teachers use the Instruction technique of methodlcsl drill 
along with the new mathematics. T.t has been reported that mathems tics plays an ■ 
Important role In Japan's total culture, and that It Is Introduced to the child 
at an early age, beginning with 3 hours per week In the first gr<ide and progressing 
to 6 hours per week from the 4th through the 6th grades. Arithmetic Is believed 
to be one of the most effectively taught elementary level courses In Japan.- 205 / 
In fact, one author says that "It Is commonly understood that those Japanese 
who attend elementary . . . school In comfortable American suburbs will be a year 
or two behind their grsde level In mathematics • • • when they return to 
Japan." 206 / Furthermore, "there Is a general consensus that more subject matter" 
of greater difficulty should be taught at an earlier age. Therefore, with each 
curriculum revision, the content Is constantly being expanded and toughened." 207 / 

203 / Ibid., p. 112. See appendix 2. 
204 / Ibid., p. 117. 
205 /- Ibid., p.' 119, 121. 

206 / Vogel, Ezra F. Japan As Number One :■ ' J-eosons for America 
Mass., Harvard University, 1979. p. 160. 

207 / Education In Japan, p. 122. 
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2. Sci ence Instructio n. 

t 

One expert has started that Japan was the first country In the world wher„ 
elementary-level teachers stressed science as fun and Interesting to students, 
thereby Instilling In the. a positive attitude toward science. 208/ In spite of 
this, similar problems'have been reported to exist In Japan as. in the United 
States regarding the purposes of science education and the necessity of developing 
a scientifically literate populace. 209/ 

Apparently cost Japanese elementary school teachers lack the ability and 
experience to perform correct techniques for scientific experiments and observa- 
tions necessary for teaching science. 210/ Consequently, In-service training 
in science is provided for elementary teachers through science education centers. 
The time spent for training by taking in-service courses can range from a few 
meetings to one-year program,. Between" 1962 and 1974, training was provided for 
about 2,300 elementary teachers out of a total of 28,000 at the Osaka Prefecture 
science center, one of several such centers in Japan. 211/ Teachers who receive 
the in-service training are expected to become "lead teachers" in their schools 
and assist other teachers with science Instruction. 

Although most individuals who teach elementary science In Japan usually 
are not specialists in this area, two, three, and four hours per week are spent ' 



Dr ^ch^lrott^Vor^C^ln: ^^^^^ 
studied pre-college science education in Japan. 

209/ Thier Hsrbert D. In-Service Training of Elementary School Teachers 
A UniUe!' States-Japan Seminar. Science Education, v. 60, Oct./Dec. 1976. . 
p. 5^6. 



210 / Ibid., p. 552. 
211/ Ibid. 
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on science instruction in Japanese elementary schools, which is slightly less 
than the time spent on mathematics. 2 12/ 

B. JUNIOR HIGH SCHOOL 

The 3-year Junior high or lower secondary school, as it is referred to 
in Japan, consists of about 4.7 million l2-to-l4-year-old youths enrolled in 
nearly 11,000 schools at this level. Entrance examinations, that are required 
at most upper level Japanese schools, are not necessary in order to' enter 
junior high schools, except for some "prestigious national and private 
schools." 213 / 

The basic course program necessary for most students at this stage is 
"33 to 34 hours per week, 6 per weekday and 4 on Saturday" of required and 
elective subjects. During the first 2 years, however, every student must take 
30 hours of required subjects and only 4 hours of an elective. An elective 
..is usually a 3- or 4-hour English course which most students take, although 
it is not required. 214 / 

Junior hifch, along with preparing college-bound students, also is designed 
to allow "job-bound'- students the opportunity to explore potential vocations. 
Such students usually find the chance. to do so, during the third junior high 
school year with 4 extra hours for an elective, aside from the 29 hours of required 
courses. Actually, "required subjects comprise most of the students' program, 



212/ See appendix 2 for a breakdown of instruction time spent on these 
subjects. 

213 / Education in Japan, p. 125. 

214/ I .id. , p. . 127. .. ' ' 
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and there is little choice." Compared with the U.S. counterpart, "there are more 
requirements and fewer electives ... but the program is somewhat less rigid 
than it was in prewar Japan when there were no electives at all." 215/ 

I. Mathematics Instruction 

All students in Japan roust take mathematics in junior high school. "Every- 
one enrolls in the first 2 years of classes together, 4 hours a week. In the third 
year the curriculum is generally divided into two streams: one for the college- 
bound or academically oriented students, and the other for the noncollege-bound 
students. The first group has a total of 5 hours per" week; the latter takes 3 
hours per week." 216 / 

" The International Project for the Evaluation of Education Achievement, a 
study conducted by the United Nations. Educational, Scientific and Cultural 
Organization (UNESCO), found that 13-year-old Japanese groups of students "ranked 
highest In mathematical achievement among those of 12 other countries, including 
the United States, Australia, and several European countries." '217/ Seventy-six 
percent of the Japanese students scored, in the upper half of the scale. 

As previously mentioned, entrance examinations are required for all upper 
level educational institutions in Japan.- These examinations, which usually 
emphasize mathematics, are believed to significantly motivate students to master 
the subject. In addition, because of pressure from family and peer-groups to 
pass the examinations, mathematics is considered to be a 'Very important subject 



215 / Ibid. , p. 128. 
216 / Ibid. , p. 130. 
217/ Ibid. 
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In terms uf uocial not? da and earner f ulf L Llmcnt . " .218/ Credit for the Japanese 
success In mathematics also Lb given to high teaching standards In the elementary 
grades. 219/ ' 

Ezra P* VogeL found during his research that many tiroes during elementary 
and secondary school years , over half of all Japanese students attend "supple- 
mentary schools (Juku)" which are basically designed to Improve students 1 
chances of passing subsequent entrance exnrainations to a more desirable high 
school or college. "Entrance examinations," he states, "to high schools or 
unlversiticB can be bo competitive as to cause students to restrict their intel- 
lectual breadth, eliminate extracurricular activities, neglect their social 
development, and, in case of failure, become psychologically depressed*" This 
problem, he concludes, "shows deep failures in Japanese education." 2 20 / 

Japanese students study mathematics at a more rapid pace than their U.S. 
counterparts. Geometry is taught in the 7th, 8th, and 9th grades, instead of 
In the 10th grade as is usually the practice in the United States. Also, 
"trigonometric identities" are studied in the 9th grade rather than in the 
llth grade as In the United States; and calculus generally is completed by 
college-bound Japanese students in senior high school. 221 / 

In contrast to this seemingly impressive course structure, there has been 
concern among some Japanese mathematicians regarding the llptle time that 
teachers spend on "lengthy explanat lons^and theory." The teacher who is 
considered to be "good" tries to prepare students for entrance examinations 

218 / Ibid*., p. 130. 

219/ Ibid. 

220 / Vogel, Ezra F. Japan As Number One, p- 162. 

221 / Anderson, Ronald S. Education in Japan, p. 130-131. 



105 



92 



by giving them information and methods needed to face the examination, thereby, 
perhaps, sacrificing "free inquiry-centered learning methods." 222/ Michael 
W. Kirst has observed that "classroom teaching techniques in Japan reveal some 
weaknesses that the U.S. may be able to avoid. A persistant Japanese teaching 
strategy is the uac of imitation and rote learning— methods considered outmoded 
by most U.S. educatora. . . . Japanese high school students rarely question 
their teachers' viewpoints and are judged on standardized tests by their 
memorization of facta and concepts." 223 / 

Ronald Anderson has discovered that "Japanese mathematics teachers are 
following closely the movements for modernizing mathematics education in 
various parts of the world, particularly the new mathematics programs in the 
United Statea." Furthermore, the Japan Society of Mathematics Education 
(JSME) "assigned a curriculum study ,gioup to work on experimental programs 
and textbooks," and had as one of its themes at a JSME meeting, "improving 
the teaching method so as to increase the children's creativity." 224/ 
The mathematics curriculum that was under revision'during the 1970s was 
aimed at "greater differentiation of Junior high mathematics to allow for 
the widely different abilities of individual students." 225/ 



222/ Ibid., p. 131. 

223/ Kirst Michael W. Japanese Education: Its Implications for Economic 
CompeliTion in the 1980s. Phi Delta Kappan, 7. 62, no. 10, June 1981. p. 707. 

Teaching by using the method of rote learning is also a technique usee in 
many U.S. schoola. This method, therefore, probably is not unique to Japanese 
schools. •» 

224/ Anderson, Ronald S. Education in Japan, p. 131. 

225/ Ibid. 
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2 . Sc 1 once In struct ion 

* In the 1970b, the Japanese Ministry of Education continued the revision of 
Its science curriculum chat began In Che I960u In order to "absorb the Industrial 
and scientific progress of the world and strengthen (its) position in world 
trade." During the l%0s, science teaching wa3 Invigorated. Teachers placed 
emphasis on experiments and observation during the A-hour-pur-week science 
courses required In grades seven through nine. Anderson reports, however, that 
this was not unou. f.nu to cover all the subjects adequately. Laboratory work 
and observations were neglected. Therefore, revisions were made In the 1970s by 
adding more material to the curriculum, and making Instruction more "flexible 
to meet the Individual differences of the students." In this manner, Japan 
has tried to "keep pace with the rapid progress in science and technology." 226/ 
- The Ministry of Education (Mombusho) is the national authority responsible 
. for all. school education in Japan, and forms the nucleus of educational adminis- 
tration. The Mombusho formulates standards for curricula, supports- and directly 
controls certain national schools, such as national universities, Junior 
colleges, and technical colleges, in addition to some vocational high schools 
and experimental laboratories attached to national universities. It provides 
financial aid to local boards of education and Is responsible for national 
museums, art galleries, the Japan Academy of Arts, as well as several research 
institutes. 

Science teaching in Japan is considered to be successful by-most independent 
obser^TcTft^For example, a comparative study was made regarding the "geographic 
concepts and images of the physical world" of Tokyo ninth graders with their 
counterparts in Chicago, Illinois. Results showed that most of the Tokyo students 



226/ Ibid. , p. 131-132. 
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who .... a whole made a M .m »corr ui / *> , «»«" ruu.l a topographical ,.ap ana, 
in turn, Locate Washington, U-C In contrast, about half of the U.S. student* 
could read a topographical map, and Very few could Ideality Tokyo. 227,/ 
Michael Klrst reports that, Ironically, .l«P«n uuikr* exl.Mw.lvc use of educational 
Mtorlull that originated l.l the,Unlted State. In both lt» science and »«tuu~ 
..tie. curricula, including new phynlCH, chemlatry, and biology materials that 
were developed by the National Science Founds L Ion . Japanese science teachers 
are kept up-to-date, unllko the lyplunl ca-c In I Ik, Halted States which, Klr.t 
uaya, does very little In comparison. 228/ 



SKNIOK HIGH JCHOOL 



U is not compulsory In Japan for students to attend senior high school. 
The majority of the Nation's 15-year-olds , however, attend and complete senior 
high school. 129/ Students have the choice of attending three types of upper 

secondary schools: 230/ 

- Comprehensive High School . . . provides two major choices for students. 

(1) the general curriculum, wnlch includes a college preparatory 
"course and a terminal course-the latter being a less 4caandlng course 
deslpnid for those who Intend seeking employment on graduation but have 
act y"t chosen - specific vocati6ni and (2) the specialized curriculum, 
offering either vocational or nonvocnt lonal courses; 

- Vocational High Schools ^are generally considered low-prestige schools 

, , recruit only youth of lower ability. |T)hey do c« ^ater 
esteem than the vocational stream of the comprehensive high bcIiooI . . 
For boys without financial resources, the vocational tfchool is a godsend. 
It is not a dumping ground for lower ability youth, as it Is in some 
9 n in the ? Suited States. The entrance examinations to some of 



227 / Ibid., p. 132. 

228/ Klrst, Michael W. Japanese Education, p. 707. 

229/ Anderson, Ronald S. Education In Japan, p. U7 . 

230/ Ibid., p. 154-156. 
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Che good Industrial schools are as difficult as chose for good academic 
schools .... [They are, however, terminal, which Is considered a. 
major shortcoming, and a'waste of potential scientific and technical 
talent. Youth graduating from these schools are' not eligible to enter 
the. univerBity. Job opportunities for such individuals have been 
reported as favorable); and 

- Technical Colleges (koBen) . . . [TJhe first institutions of this 
type were opened in 1962. . • • They are well equipped with the latest 
machinery and technical apparatus. Junior high school graduates, 
especially poor boys, are greatly attracted co these technical colleges 
because they provide a thorough vocational education. Industry has 
quickly absorbed the graduates and paid them well. . • • But as with 
the vocational high schools, they provide an absolutely terminal 
education.. 

Part-time programs also are offered to students during the day or evening. 
A small percentage of senior high school students are enrolled In the part-time 
program and the proportion has been decreasing in recent years. More students 
from the working class and rural regions are able to attend full-time upper 
secondary schools. 

Part-time courses often are taught by the same faculty members as teach in 
the full-time schools. Therefore, the course offerings are nearly equal in 
quality to the full-time subjects. It has been reported, however, that "many 
part-time schools Imitate the full-time high school, preparing their students 
for university entrance exams and neglecting the needs of working youth." 231/ 
Nevertheless, "among the Japanese, the part-time senior high school Is widely 
considered Inferior to the full-time day school. The education it provides Is 
terminal for most of its students, but a few do aspire to attending a university 
or junior college." 232 / Basically, graduates from these schools appear to be 
discriminated against because "employers often bar (such] graduates from sitting 



231 / Ibid, p. 157. 

232 / Ibid. ■ f 
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for the examination to enter their .firms ." . Consequently, these individuals have 
to accept "lesser jobs in smaller companies." 233,/ 

1. Mathematics Instruction 

The basic goals of high schoo'l .schematics In Japan, Including Junior high 
school, sre to "develop .ore advanced mathematical' thinking, better problem- 
solving ability, increased symbolic thinking, understanding of axiomatic structure 
and the ability to use mathematics In science, technology ,. and other studies." 234/ 

in order to achieve these objectives, all high school freshmen (10th grade) * 
must take mathematics I, a 6-hour course consisting of algebra and geometry, 
probability, and fundamental analytic geometry. In 1982, mathematics I require- 
ments are supposed, to be reduced to a 4-hour course, 235/ The second year 
. -XlUh grade), college preparatory students continue with mathematics II-B, com- 
' "poled" of "advanced "algebra and geometry, Including vector mathematics, matrices 
a'nd determinants, and differentials and Integrals'," taken 5 hours per week; the 
third year (12th grade) such students take mathematics III, 3 hours per week, 
totaling 14 credit hours of "analytic geometry, differentials and their applica- 
tions, Integrals and their applications, plus probability and statistics." 236/ 
- Contrastingly, vocational students must take the freshman 6-hour course, mathe- 
matics I, and a 3-hour applied mathematics course, "a practical course as for. 
engineering," In their senior year (12th grade). 237/ 



233/ Ibid. 

234 / Ibid., p. 168. 

235/ Outline of Education In Japan. Science and International Affairs 
Butea^TMlnlstty of Education, Science and Culture, Japan. 1979. p. 20. 

236 / Ibid., p. 167. 

237/ Ibid. See appendix 3, table 4. 
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Since 1:9.73, over 100 senior high schools have offered a special com- 
prehensive science and mathematics track for students who plan to major in 
mathematics and science at the university. Such students are expected to take, 

.following mathematics I, "a new course in advanced mathematics, combining 

i 

mathematics II [and III] for more than 12 hours" for over 18 hours of mathe- 
matics during senior high school. To complete all of this during the 3-year 
senior high school period, these students must substitute mathematics and 
science courses in the hours usually set aside for electlves. 238 / 

2. Science Instruction 

For students in the academic track, a total of IS hours of science is 

required in physics, chemistry, biology, and earth science. 239 / For vocational 
, r— r 

students, only two or more of these subjects are necessary. The teaching of 

- , 9 « 

science and mathematics in Japan has been reported as geared toward teaching 

the "upper ability groups." (This is reminiscent of a trend in science education 

in U.S. secondary schools, noted above in section II. B of part I, which has been 

criticized as being "elitist" in the United States.) Other students are often 

bored, frustrated, and left behind. Teachers use the textbook extensively 

because they cover generally all material in university entrance examinations. - 

As previously mentioned, Japan* s mathematics and science curricula make 

extensive use of materials developed in the United "States , specifically by 

the NSF. 240 / Materials from one such program, the Physics Science Study 

238 / Ibid. , p. 168. 
i 

239 / Ibid.., p. 164. 

240 / Kirst, Michael W. Japanese Education, p. 707. 
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Committee (PSSC) , was imported by the Physics Education Society of Japan 
which conducted seminars with participating U.S. specialists, and adapted 
the PSSC laboratory equipment to Japanese needs. 241/ .Similar uses have been 
made of educational materials dealing with chemistry, biology, and geology or 
earth sciences, to help upgrade Japanese upper secondary level sci/nce 
instruction. / 

The Japanese Government generously supports science education, according 
to Anderson. 242 / The Science Education Promotion Law was enacted irv.1953 
to improve, science education in the elementary and secondary schools. Basic 
science equipment at the senior high school level cost $18,000 per school 
at the time of the writing of the Anderson report, and additional Government 
subsidies were expected to ensure more equipment. 243/ Science Education 
Centers are also financed by the Government, along with assistance for re- 
search by professional associations on science education, and numerous scholar- 
ships to. senior high school and university science students. 244/ 

D. PRE-UNIVERSITY EDUCATION IN JAPAN, IN GENERAL 

Programs in mathematics and science, as discussed above, , seem to be quite 
rigorous in Japan. Japanese youth, according to Anderson, like some of their 
counterparts in other parts of the world, are "currently suffering from 



241 / Anderson, Ronald S. Education in Japan, p. 165. 
. 242/ Ibid. , p. 166. 



243/ -In the United States, funds for purchasing basic science equipment 
are pToVided through the budget fit local school districts. Therefore, the amount 
of funding for such equipment would vary across the Nation. .: This information 
was -received through a telephone conversation with a spokesman at the National 
Association of Secondary School Principals on May 14, 1982. 

244 / Anderson, Ronald S. Education in' Japan, p. 166.. 
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alienation, disillusionment , and bor;dom." Instead of alleviating some of 
the strain which such a curriculum would seem to impose onJapanese students, 
however, the "educational ^authorities are making it more structured, with 
tougher content. . . •" To help students cope with these pressures, counseling 
appears to be indicated, but very few high schools have professional counselors. 
A survey team for the Organization for Economic Cooperation and Development 
(OECD) suggested that Japanese students' personalities need to be developed 
"through a more flexible and less pressured scheme of education, with more 
free time, moire curricular freedom, more diversity in extra-curricular activities, 
and more cooperation among pupils. The OECD report stated that the school system 
overemphasized "discipline, competition, and imitation, and [did] not giv[e] 
sufficient attention to , cooperation and creativity." 245 / 

In December 1976, the Japanese Curriculum Council made recommendations 
to the Minister of Education for improving the curricula in all educational 
school levels prior to higher education, "that would help pupils and students 
fully master the carefully selected educational contents in all the stages of 
elementary, lower secondary and upper secondary schools, so as to make school 
life freer and more enjoyable without lowering educational standards." 246 / 
Accordingly, the Ministry of Education revised the "Course of. Study" in 
elementary and lower secondary schools In July 1977, and in upper secondary 
schools In August 1978, and made statutory arrangements for implementation. 247 / 

New textbooks have been compiled in compliance with the changes. Transi- 
tions were to be made In elementary schools beginning in I960 and in, lower 



245/ Ibid., p. 178. . 

246 / Outline of Education in Japan, p. 50. 
247 / Ibid. ■ 
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secondary schools In 1981.' Improvements are scheduled to be made at the 
upper secondary school level In 1982 following similar changes on the ele- 
mentary and lower secondary school levels.' The ln.proven.ents are to be based 
on the following general policies: 

- To pay regard to the Independent Initiative of each school, thus 
InabUng it to build-up th, school with its own characteristics, 

To aim for the education adapted to individuality and ability of 
each student; 

*~- To enable students to lead a freer and more enjoyable, school life 
without lowering educational standards; and 

To have students comprehend and appreciate the Pleasure of the 
working life and lay emphasis on moral and physical education. 2W 

E . HMTVERSITY-LEVEL SCIENTIFIC A »n ENGINEERING INSTRUCTION 
1* Higher Education Institutions 

' There are! three types of institutions of higher education in Japan- 
universities, junior colleges, and technical colleges. 249/ 

Tho university admitting upper secondary school graduates or 

soecified type's of faculties where 4-year courses are provided 
11 a principle (in the medical and dentistry course, however, 
6-year courses are provided); 



UQ/ ^lbl^ p. 50-51. 
years in "mercantile marine-related subjects. 
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- The Junior college 1b an Institution . . . aimed mainly at having 
students . . . study . . . specialized arts and sciences and 
foster the ability essential to their professional or actual life. 
Toward this goal, it provides upper secondary school graduates or 
those having the similar scholastic ability with 2- to 3-years education 
in various specialized fields. . . . [V]aried types of courses are 
instituted; and 

- The technical college . . ..unlike the university and Junior-college, 
. . . .-is aimed at having lower secondary school graduates acquire the 
vocational ability through profound study of specialized arts and 
sciences. ... In technical colleges, such courses are instituted as 
the machine engineering course, electric engineering course; industrial 
chemistry course, civil engineering course, and navigation- course. 250 / 

The Japanese" have actively . promoted the education of scientists and ^ •. 

engineers, although the education has been criticized in some quarters for 
being too theoretical and general. According to Kirst, "in the 1980s, the 
Japanese educational system is ouch better equipped than its U.S. counter- 
part to produce workers with high levels of skill in math, science, and 
engineering that the economy of the future will require." / 251 / 

Engineering is reported to be more popular than . pure science and is the 
largest subject area within higher education. 252 / This may be one of the 
reasons that Japan bestows 20 percent of all bachelor's and about 40 percent 
of all master's degrees to engineers, figures that have been reported as 
stable for the past 10 years. 253 / In comparison, about 5 percent of all 
degrees awarded at each'degree level in the United. States are in engineering. 254 / 



250 / Outline of Education in Japan, p. 4. 

251 / Kirst, Michael W. Japanese Education, p. 707. " 

252 / Engineering Our Future. Report of the Committee of Inquiry into the ' 
Engineering Profession. Sir Montague Finniston, Chairman. London, Her Majesty's 
Stationery Office, Jan. 1980. p. .209. This study is referred to as the Finniston 
Report and will be so called in this report. 



253 / Naitonal Science Foundation and Dep£. _of_-Educatibn^ Science and 
"Engineering Education, p. 59. _ 
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Ihe "engineers course" in aapa- -SU.U, lasts 4 years. * general educa" _ 
tlon 18 provided in the first 2 years, nUhough such courses a. 
£ote i 8 n languages are Included, 3 years are pelted with engineering science. 
,he objective of the final 2 years Is to increase students' Knowledge of. one 

„„ rhat a specific engineering discipline is 
special engineering subject area, so thau a speciri 

studied in see depth. 255/ Xn the last year, students usually** on a 
project that is aiaed at helping the student apply the acquired Knowledge that 
has been learned. See criticise, however, attributed to Japanese Industry, Is 
,«« -courses tare, too basic and [do, not provide enough detailed pledge 
which lean, be put to use directly ( when, the graduate enters, Industry." 256/ 
In response, the universities have contended that "they provide graduates with a 

u r. fl nl hut Id for maximum flexibility and responsive- 
firm foundation on which they [can] build tor ma 

ne88 to changing technology in the future." Xn 8 eneral. however, employers 
eX pect "their graduate recruits to have a sound basic technical Knowledge and a 
certain breadth of perspective; co-erci.l ability, leadership^ specialist 
8kll ls were generally seen as being the. responsibility o £ the employer to 
' develop through training and structured experience." 257/ 

2. Graduate School 

According to the report, OutUne^Edu^^ _ _ 

. . V l t,he graduate school^ be attached., ^^^f 
acuity graduates to »ake further .ore r cour8es 
-theories and their applications. In the g ^ ^ 

are instituted, one the master ^"'J a rule, except In the -edic.1 
the doctor's course (five year cou ^ pro vided). . • • 258/ 

and dentistry courses where six year 



255/ Engineering Our Future, p. 210. ^ 

256/. Ibid. . \ 

257/ Ibid. 

258/ Outline of Education In Japan, p- 
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It has been reported, however, chat "Japanese society does not sufficiently 
reward those who elect to go on for an advanced degree; . instead, industry tends 
to snap up graduates as fast as they win their .bachelor's." 259/ This 
situation is similar to the current one in the United States involving 
bachelor's engineering degree recipients, as discussed in section III.C of 
part I of this report. In fact, the advanced degree program in Japan generally 
parallels the program in the United States. Students are awarded a master's 
degree after an additional 2 years of study beyond the bachelor's, which 
includes 30 creditfhours and research leading to a thesis. In Japan, however, 
only the field of specialization is emphasized and little study is done in 
related areas. 260 / Despite the fact that there seems to be a relatively low 
number of students in Japan interested in pursuing advanced degrees, "there 
is keen competition among institutions. to establish advanced programs, 

probably because graduate schools bring status to the university." 261 / 

t - 

In engineering, differences in the numbers of bachelor's degrees compared 
with total graduate degrees awarded in Japan in 1980 may reflect this situation 
73,468 bachelor's degrees, 7,792 total graduate degrees. In spite of the fact 
that the United States awards more college and university-level degrees than 
Japan because of its larger population, Japan "graduates more engineers from 
undergraduate college programs than the U«S." 262 / In 1980, Japan conferred 
more engineering degrees in absolute numbers than did the United States, a 9.8 
percent difference.. See table 6 on the following page. 



259 / Anderson, Ronald S. Education in Japan, p. 203. 
260 / Ibid., p. 202-203. 
261 / Ibid., p. 204. 

262/ ' Klrst, Michael W. Japanese Education, p. 707. 
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TABLE 6. 1980 Engineering Degrees Awarded In the United States and Japan 

Associate Bach. Master's Doctor's Per " nt ,°l. 

' Degree Degree Degree Degree Total Total Population 



U.S. a/ no equlvslent 68,893 16.243 2,507 87,643 • 0.038 

Japan b/ 15 .012 ' 73 .468 7 ,135 657 96 ,272 0.082 



a/ Data received from the National Center for Education Statistics. 

b/ Data revived through a telephone conversation 0 spokesman si 

the American Society of Engineering Education (ASEE) on April 28, 1982. 
The science attache at the Japanese Embassy stated during a telephone conver- 
sation, that there Is no Associate Degree level In Japanese universities. 
Accord ng to s spokesman at the ASEE, ,the 15,012 figure, listed under Associate 
Degree"? represents pre-bachelor' s degrees or certificates n engineering, as 
explained In a letter from the Japanese Society of Engineering Education. 
Va?lois engineering courses are offered to students attending technlcsl colleges 
In Japan which are for lower secondary school graduates who want to acquire 
vocational abilities. This data may represent such graduates. See page 95, for 
information about the technical colleges. 

F. THE SCIENTIFIC COMPETENCE OF THE JAPANESE PEOPLE 

The Japanese reading public Is considered so sophisticated that It can be as- 
sumed that'the "typical reader of the three major dallies [In Tokyol Is better In- 
formed about International affairs than the typical reader of America's east coast 
elite dallies." 263/ Also, "news commentators on Japanese national commercial 
television," he. , tares, "can assume that the audience has sufficient scientific 
understanding to use various chemical formulas when discussing pollution, nuclear 
plants, or other scientific questions." 264/ • .„ 



263/ Vogel, Ezra F. Japan As Number One, p. 158. 
264/ Ibid. 



105 



Some significant differences between the general education in Japan and in 
the United Sta'tes which may account for the high scientific competence of the 
Japanese population are: 265 / 

- [T]he Japanese ^attend school about one-third more than Americans, for 
240 days a year compared to 180 days a year in America; 

- [Attendance rates in primary and Junior high school are much higher 
in Japan; 

- By the late 1970s over 90 percent of both Japanese girls and boys were 
completing high school, compared to approximately 80 percent of all 
American youth; 

- Virtually all Japanese ^who enter a school complete it. In 197 5, for 
example, 97 percent of those entering high school completed it, compared 
with 79 percent in America; 

- [In" 1975,] [ajlthough approximately 35 to 40 percent of collegeraged . 
youth were attending a university both in the United States and Japan, 
because of sizable numbers of American drop-outs, Japanese more often 
complete their training; 

- Almost 40 percent of Japanese males in their mid-twenties have completed 
four-year colleges compared to a t bout 20 percent of Americans .(although 
the American figure rises to about 30 percent by the late twenties); 

- Very few Japanese attend graduate school. However, the desire for 
higher education in Japan is greater than enrollment figures suggest, 
for university openings are still not adequate to meet the demand.- ■ " " 
In America virtually any high school graduate_can-find a college or 
university to attend, but in Japan thereare roughly three openings 
for four applicantsj- and 

[A]fter [Japanese] students have completed their schooling, an extraordi- 
narily high number continue taking a variety of correspondence courses 
and special study programs in their place of work, whether or not 
they are required to do so by their company. A very high percentage 
of the Japanese continue to read serious books and to master new bodies 
of knowledge. [Likewise, a large number of Americans also probably 
continue to acquire postgraduate knowledge through similar means. The 
percentage of the total U.S. population who do so, however, is not known 



265/ Ibid., p. 160-162. 
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III. SCIENTIFIC AND TECHNICAL EDUCATION IN THE SOVIET UNION 
GENERAL EDUCATIQN_IN THE SOVIET UNION 



In 1966, the Central Committee of the Communist Party of the Soviet Union 
iasued a resolution that responded to the demands of the "scientific and tech- 
nological, revolution" that was underway for a technically prepared labor force 
with a nore extensive educational background and higher level of literacy. To 
accomplish this goal, the U.S.S.R.' Academy of Sciences, and the U.S.S.R. Academy 
of Pedagogical Sciences! "the highest scientific and^ educational institutions 
in the jtoViet Union," launched a reform in general education- 266/ Several 
pcholars and educator a established objectives to be achieved, redesigned curri- 
cula, and wrote textbooks and manuals for students and teachers. 

General education in the Soviet Union is "designed to channel students 
into the work force at an early age with a background in science and mathematics 
sufficient to permit them to function productively in a changing high-technology 
economy." 267 / Accordingly, a national form of education was created with official 
curricula and examination policies. 2t>8 / 



266/ Wirszup, Izaak. The Soviet Challenge. Educational Leadership, v. 
38, Fe"b7 1981. p. 353. 

267/ Ailes, Catherine P., and Francis W. Rushing. The Science Race: 
Training and Utilization of Scientists and Engineers, U.S. and U.S,S.R. Stra- 
tegic Studies Center. SRI International. New York, Crane, Russak and Co., 
Inc., 1982. p. 13. 

268/ Ibid. 
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B. ELEMENTARY AND SECONDARY SCHOOL „ 

Elementary and secondary education are compulsory In the Soviet Union from 
ages six through 16, and students spend about 240 days per year in school. The 
structure of the school system consists of the primary or elementary level, 
grades 1-4; incomplete secondary level, grades 5-8; and general secondary level, 
grades 9-10. Specialization begins during the post-seccndary level in "the 
specialized secondary school and in the extensive network of vocational-tech- 
nical schools." 269/ 



l, ~ *" nenai ice ana stience intiLiv . _ 

ages and k.rade levels — mathematics, introduced in grade one; biology, grade five; 



Mathematics and science instruction are emphasized and introduced at early 



physics, grade six; and chemistry, grade seven. £70/ When students have reached 
the end of the eighth grade, they have already acquired "eight years of exposure 
to mathematics, three years to physics, and two years to chemistry . . . ." 
Those students continuing on to the two years of general secondary education will 
maintain the "mathematics/science-of iented program." 271 / Soviet elementary- 
level teachers of grades one through three are said to have received rigorous 
training in mathematics ("five years of algebra, ten years of geometry, and 
calculus.") Teachers of grades four and above have mathematical backgrounds 



269 / Ibid., p. 18. 
270/ Ibid. 



271 / On Mathematics in the U.S.S.R. : A Conversation With Izaak Wirszup. 
Educational Leadership, v. 38, Feb. 1981. p. 362. 
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equal to that acquired through a master's degree program in any U.S. univer- 
sity. 272/ 

It is very difficult to compare the educational accomplishments of countries 
aa basically differentiae the United States and' the Soviet Union, according to 
Dr. Wirszup. In spite of this observation, however, he has made the following 

comparisons: ; 

- In the United Statee*,. . . • about 75 percent graduate from high 
-school (after, completing a 12-year curriculum]; 

- [U.S. students have] an average [of] eight or nine years of arithmetic, 
one year of algebra, one year of geometry (at moot), and [a] lack of 
high school level physics, chemistry, biology, and aatronomy. 273/ 

In contrast, 98 percent of the Soviet .school-age population completes secondary 

school. Upon such completion, totaling ten years of .schooling, students have. 

received: 

- Three years of arithmetic (grades one-three); 

- Two years of arithi- :ic combined with algebra (grades four-five); 

- Five years of a' '^ra (grades six-ten); 

- Ten yeara of r :ry (five of intuitive geometry in grades one-f iVe; 
three of seJ. reus plane geometry in grades aix-eight; two of 
aemi-rigoroue -iometry in grades nine-ten); a n d 

- Two yeara of tu uli grades nine-ten; in the future calculus may be 
taught in grade tan * ..ly). ?J±/ 



272 / Ibid., p. 16- 
273/ Ibid., p. 359-360. 
274 / Ibid., p. 360. 
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Additionally, the general Soviet education also includes; 

~ Five years of physics; • 

, - Four years of chemistry; i 

c 

- One year of astronomy; 

- Five and one half years of biology; 1 

- Five years of geography; 

- Three years of mechanical drawing; and 
Tea years of workshop training. 275 / 

Aside from the achievements of the Soviet education, which exposes all stu- 
dents,' not Just elite students, to the mathematics and science oriented program,' 
Dr. Uirszup mentions some problems with the Soviet's educational system. It has 
become overburdened with its mathematics program combined, with "demanding science 
courses." The system has produced overworked students, many teaphers with almost 

impractical hardships, and displeased parents. It has aggravated notable dif- 

» 

ferences between rural and metropolitan cultural levels and educational standards 
and also between "the western Soviet Union and the eastern (Asian) republics, at 
a time when authorities were priding themselves on narrowing these gaps." 276 / 

C. PQSTr- SECONDARY EDUCATION 

Following the completion of the eighth grade, Soviet students have four 
options in continuing their .educations — (1) "continue general secondary education 



275 / Wirszup, Izaak* The Soviet Challenge, p. 360. 
276/ Ibid. 
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for another two years [ninth and tenth grades] to prepare for the entrance 
examinations for higher; educational Institutions": (2) " • • • enter the 
specialized secondary Institutions which provide the student with the final 
.two years of secondary education plus two to three additional years In 
specialized post-secondary Instruction.-, (3) "[enter) vocational-technical 
education [which focuses] on the training of skilled manpower"; and (4) "stu- 
dents, particularly those whose academic performances has not been up to 
etandards or. who for a variety of reasons elect not to pursue the other options^ 
(fpr.inst.nce, youth In rural sections of the. U.S.S.A.) [can] enter directly ^ 
Into- the labor force as unskilled workers." 277/ 

in the past, general secondary education was usually the route Soviet stu- 
dents sought to enter higher education! Since 1963, however, the number_of 
general secondary education graduates who actually enter higher, education Insti- 
tutions has declined from 63.7 percent to 26. 2 percent In 1976, 278/ Students, 
it has been found, have been going either to specialised secondary schools, 
. vocational-technical schools, or waiting for other' opportunities to take entrance 
examinations to higher education Institutions while neither In school nor In 
th e labor force. - 279/ This latter , option, has been criticized by Soviet authori- 
ses and educational specialists who have "attempted to make alternative educa- 
» tipnal options' attractive." 280/ 



27/' / Ailes 

278/. Ibid., p. 23. 

279/ Ibid. 

280/ Ibid. 
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D. SPECIALIZED SECONDARY SCHOOLS 



In Che Soviet Union, the specialized secondary schools are designed to 

"prepare the student as a technician in one of a number of specialties which 

s 

will permit him to be employed within the pertinent sector of the economy . " 281 / 
The specialized secondary school is the primary source of technicians trained 
to work under the direction of university graduates, usually scientists and 
engineers, to assist in performing some of the tasks that would be normally 
done by scientists and engineers. ^The demand for technical* :•' trained personnel 
has grown recently because of the increasing technological r,. ^irements of the 
Soviet economy. 282 / 

Dr. Wirszup reports that "over 1,200,000 students graduate annually from 
•secondary specialized schools for middle-level 'professionals, over two-thirds 
in engineering, agriculture, and management." 283/ By supporting specialized 
cecondary schools, the Soviets can be assured of an ample supply of technicians 
"to fulfill the changing needs of the economy as expediently as possible." 264 / 

Technical training is provided for both' eighth and tenth grade graduates 
of general secondary schools, i n full- and part-time programs. Eighth grade 



p. 27 
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281 / Ibid., p. 25. 

262 / Ibid., p. 26. 

263/ Wirszup, Izaak. The Soviet Challenge, p. 358. 

284/ Ailes, Catherine, P., and Francis W. Rushing. The Science Race, 
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gtad «atee enter a four-year program and receive -technical-applied training," 
whlle tenth grade graduate, receive training in technical sUUs in a one- 
and-one-half to two-and-one-half year program Students .ay. select fro. a list 
o£ over «0 different specialties. In recent years, economics has been the 
specialty with the largest enrollment and graduation growth rate, while the 
numbers enrolling and graduating in engineering specialties has gained con- 

stant. 285/ * 

gegardless of the specialty, students spend at least three to five months 
completing "on-site" industrial training, followed by examinations upon their 
return to school. Subse q uently, the student is retired to worsen a "diploma 
/ project," similar to a thesis, for completion of the program, usually done 
"while working at an industrial enterprise of the type in which the student 
will be placed upon graduation." After this is accomplished, the student re- 
t urns once aga,n to the school he or she is attending in order to complete the 

, , " „„d defend it before the State Qualifying Commission. 28£/ 
"diploma project, and derena it , 

e M g T.,»eTTV-T. K ».a. SCIENTIFTr aWO TECHNICAL PREPARATION 

A recent atudy by U.S. researchers has determined that "• . • all higher, 
education programs in the Soviet Union are professionally oriented, Involving 
a degree of specialization even greater than that in the functionally-oriented 
courses o £ study in professional school in the United States." 287/ The ter. 



285/ Ibid. 

286/ Ibid., p. 29. 

287/ Ibid., p. 41. 
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''specialty" indicates a student's field of study that is chosen when applying 
for admission to a Soviet higher educational institution. Once admitted, stu~ 
dents then follow a ''rigidly defined program of study preparing them for a 
profesalonal occupation in that specialty.'' Out of about 360 specialties 
offered in Soviet universities, which are combined in 22 specialty groups, 
over 200 are in engineering-industrial fields. 288 / Also, among the 22 
specialty groups la a category called "university specialties" which includes 

physics, mathematics , biology, and others, along with the] social sciences 

and humanities. These fields are very similar t0--Uui&e^«ken in the United 
States. 289 / 

Soviet higher educational institutions have been criticized as being very 
narrow in specialized training, and therefore "highly susceptible to obsolescence 
and [have] for this reason been the subject of frequent controversy among Soviet 
education specialists.*' 290 / In July 1979 a decree regarding higher education was 
issued by the Ministry of Higher and Specialized Secondary Education declaring 
"the "need for more flexible curricula and greater emphasis on general theoretical 
background in the training of 'broad-spectrum specialists 1 " who would have a 
wider range of knowledge. Notwithstanding, higher education in the Soviet Union 
has remained basically the same since the 1960s. 2_9_1/ 



288 / Ibid. ■■ \ 

289 / Ibid., p. 44. ■ \ 

' 290/ Ibid., p. 43. * 

291 / Ibid., p. 43. The Soviet Ministry of Higher and Specialized Secondary 
Education supervises the educational process In the U.S.S.R., which/ includes 
curricula,' textbooks , teaching procedures, as well as other aspects of secondary 
and higher education. 
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There are two types of higher educational organizations In the Soviet ^ 
Union-universities and Institutes. Untitles essentially offer Program 
1„ the natural and social sciences, but also Include others In various fields- 
institutes generally emphasize a particular "area of related specialties - 
specifically oriented toward a given sector of the economy, agriculture, or 
.edlclne." In addition to these establishments, there Is a special Instruction 
program provided for the training of technological engineers' called a "factory. 
' higher technical education school," where students are taught at large Indus- 
trial firms. 292/ Tralnlngln the Institutes Is not considered to be as 
•qualitatively superior" as that received In the universities. The number of 
' university graduates, however, Is relatively saall'in comparison. 
' ' students who successfully complete academic- requirements at higher, educa- 
' ' tlonal schools receive a diploma Instead of an academic degree as In 'the United 
States. .293/ Researchers have found that "about 80 percent of those admitted 
to higher 'educational establishments In the Soviet Union complete their under- 
graduate education and receive a diploma." Comparatively, only about 55 percent 
o£ such students in the United States receive bachelor ■ s degrees . MA/ Academic 
degree* are awarded In the Soviet. Union only to students who have completed 
postgraduate worK beyond the essential studies required In higher educational 
programs* 295 / 



292/ Ibid. 

293/ Ibid. ,.p. 44. 

y/^t 294/ Ibid., p. 50 

295/ Ibid. 
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The following Is s breakdown of the requirements in the bsBic academic 
program 0 f higher education necessary in order to receive a diploma in the 
Soviet Union. 

- Academic programs generally contain from AO to 50 different 
courses or subjects which che student must complete.- These 
subjects are organized into cycles: socioeconomic, genersl 
scientific, and specialized. I n the higher educational 
institutes in the engineering-industrial branch, a genersl 
engineering cycle is included in~ addition to the other three 
cycles; 

- General theoretical disciplines, including mathematics, 
physics, and chemistry, are covered during che first chreo 
to chree-and-one-half yesrs of che higher educacionsl pro- 
gram. Following che firsc phsse of higher educacion, more 
incensive v scudy direcced Coward che narrow field 0 f speciali- 
zacion is undertaken . . . During che laccer years of. che 
academic program, scudencs are allowed some choice in che 
seleccion of courses; and 

- During che lasc half-year of che higher educacional program, 
scudencs prepare for stace exsminscions 0 r for defense of 

a diploma projecc . . before che scace- examinacion board. 
In the cechnical higher educacional inscicucions , diploma 
projeccs are more common Chan scace examinacions . 296 / 

Upon graduacion, scudencs are noc free Co pursue whatever occupacions chey 

may desire. Afcer receiving, a diploma, "scudencs are assigned Co jobs ac encer- 

prises or inaticuces where chey are required co work for chree years. Some " 

scudencs wich parcicularly good undergr'aduace records are allowed Co cake 

encrance examinacions for gradusce scudy afcer cwo years 0 f work." Furchermore, 

"during che firsc year ac che encerprise or inscicuce, new graduaces of higher 

educacional inscicucior.s undergo a craineeship, or probacionary period, in 

order to gain praccical and organizacional skills in cheir specialcies." 297 / 



296 / Ibid., p. 55-56. 
297 / Ibid., p. 56. 
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A comparison of the number of bachelor's degrees awarded in the United 

a i fha soviet Union, by Major field of study from 
States with diplomas conferred in the Soviet union, ny j 

I960- to 1979, indicates that, "for all fields combined, there were almost 30 per- 
cent more graduations from undergraduate programs in the United States than in 
the Soviet Union. Within the science and engineering fields, the United States 
graduated about twice as many specialists in the physical and life sciences 

and mathematics as did the Soviet Union I- engineering alone, the 

Soviet Union graduated almost six times the- number of specialists graduated 
ln the United States . . • largely because of the great number of engineering 
graduates, 'in the science and engineering field, combined, the Soviet Union 
graduated about twice as many specialists as did the United States (8.6 per- 
cent of. the 22/23-year-old population as opposed to 4.3 percent.)" 298/ 

■ 

F. HRADUATE STUDY 

advanced degrees in both the United States and the Soviet Union are awarded 
t0 individuals who complete educational training beyond higher education. Ad- 
vanced degrees offered in the Soviet Union are referred to as the Candidate of 
science and the Doctor of Science degrees rather than the Master's and the 
Doctor of Philosophy degrees as is common in the United States. 

I„ th e Soviet Union, there is no degree identical to the U.S. Master's 
degree. The Soviet Candidate of Science degree is awarded to a student upon 
completion of an "agreed" course of study and after a dissertation has been 



298/ Ibid., p. 65 and appendix A, 
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written and defended. At the name time, "there are exceptions ... to both the 
course of study and the dissertation requirement. A large number of students 
earn the degree by passing examinations and writing and defending a dissertation 
without ever having been enrolled in a formal program of courses, and the de- 
gree is occasionally awarded for the accomplishment of ^outstanding research 
work to individuals who have neither taken examinations nor defended a disser- 
tation." 299/ Therefore , in comparison with U.S. degrees, the Candidate of 
Science degree roughly resembles the U.S.. doctoral degree, "but at perhaps a 
slightly lower. level of preparation." 

The Soviet Doctor of Science degree does not compare with any advanced 
degree in the United States. It is basically an honorary degree, in which 
school attendance is not required, that is awarded to "senior research personnel" 
for outstanding scientific achievement. 300 / 

f *' 

. G. EXTENT OF THE SCIENTIFIC SKILL OF THE SOVIET POPULATION 

j . • . 

L-The scientific competence of the general Soviet population may not compare 
£aj£Qrably with that of the United States. The average number of years of edu- 
cation completed by the general U.S.S.R. population has increased from "5.9 
years in 1960 to 8.7 years in 1977, and is projected to rise to 9.9 years by 
1985." 301 / In the United States, 15. A percent of the total population had 



299/^fbid., p. 71. 
300/ Ibid. 

301/ Ibid., p. 14. See appendix 5. 
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completed four or more years of. college, compared with 6.7 percent of the total 

population of the Soviet Union that had attained an equivalent level (I.e., 

completed about five years of higher education). 302/ "The distribution of the 

Soviet population at the higher, levels of education," however, "la far more 

heavily skewed toward the scientific and technical fields than Is that of the 

United States, ... and can be expected to continue Into the future." 303/ 

On the other hand, a magazine correspondent In Moscow has announced that,' 

There la little support here lln Moscow] for the contention that r V 
content and scope of aclence and mathematlca curricula place the 
SovletB far ahead of the U.S. In these fields. 

Western sources agree that at the end of ten years of school a 

Soviet student probably Is further along In math and science 

than American high school graduates. But perhaps only one In 

four goes on to a university or Institute. One specialist . says 

U.S. high schools over all may be weaker In science and math than 

the Soviet' s,. but American universities are unquestionably stronger. 304/ 

It also has been reported that "education experts in the U.S. agree that 
the raw figures may present a somewhat misleading picture. They point out that 
rural schools and those in smaller cities far from -the mainstream of Moscow are 
slow to receive new Instructional materials and to adopt Innovations.' Addi- 
tionally, "what the Russians have in their country," Thane Gustafson, a Soviet 
specialist at the Rand Corporation Is reported as saying, "isn't far from the 
one-room schoolhouse of yesteryear." 305/ Notwithstanding, the NSF and 



302/ Ibid., p. 16. 

303/ Ibid. 

304/ Trimble, Jeff. Russia's New Challenge to U.S., p. 50. 

305/ Ibid. 
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Department of Education's study states that "though the problem areas in the 
education and employment of Soviet scientists and engineers appear to be many 
[they report that there is extensive underemployment of the science and engi- 
neering workforce In the Soviet Union), their potential capacity to compete 
Internationally should not be underrated. There are many slgna that the In- 
efficiencies are being recognized and the Soviets 1 general acceptance of the 
legitimacy of science and engineering pursuits provides a context In which 
quality may well Improve very rapidly." 306 / 

Dr. Wlrszup has stated that the Soviet Union has made a large Investment 
In manpower, the general population has achieved significant educational accomp- 
lishments, and the country has acquired a superb science and technology manpower 
pool that will affect extensively Its technical, Industrial, and military 
power. 307 / 1 



306 / National Science Foundation and Dept. of Education. Science 
and Engineering Education, p. 60. 

307 / Trimble, Jeff. Russia's New Challenge to the U.S., p. 50. 
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IV. SCIENTIFIC AND ENGINEERING EDUCATION IN WEST GERMANY 

v 

A. GENERAL EDUCATION IN WEST GERMANY 

The Federal Republic of Germany to composed of ten states (Under) and 
West Berlin. In the states, compulsory' education lasts nine years, between 
the ages of elx and 15 years. In West Berlin, students must attend school for 
cen years ending at the age of 16. 308/ Students spend about 185 days per year 
In school. Following compulsory education, students attend vocational school 
part-time, between six and 12 hours per week, or continue on to secondary 
school. 

The West German school system has been termed as being a -vertical" system 
in that the lower- and upper-secondary school levels include many kinds of 
achobls that are not "organizationally connected with one another and that re- 
late to each other rarely or In a very limited manner." 309/ 

Parents and children have to make educational decisions early in life that 
usually cannot be reversed. A general requirement is that parents and children 
decide what secondary school the child will attend after only four years of 
' schooling at^the elementary level (in Bremen and West Berlin, elementary schools 
last for six years). .Recently, however, the Standing Committee on Ministers of 
Education and Cultural Affairs, a committee within the Ministry of Education 



308/ von Dohnayni, Klaus. Education and Youth Employment in the *« d « al 

Republl! of Germany/ Berkeley, California, Carnegie Council on Policy Studies 
in Higher Education, 1978. p. 17. 

309 / Ibid. , p. 20. 
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which in the highest cilucitt lona I authority in each statu that is responsible for 
the administration of the school systems, established the Orlentierungsstufe or 
orientation level. Created for grades 5 and 6, it was designed to prepare and 
guide students In their selection of a school for further secondary education In 
the general education schools — the liaupt sehule , Renlschule, and the Gymnasium. 310 / 
Because of the Inclusion of the orientation level, the ability of students to 
transfer 311 / from one educational track to another has greatly Improved, and 
decisions regarding . schoolii.g beyond the elementary level have been extended 
to the 7th grade. ■ 

The orientation level also can be organized as a separate stage of school 
independent from the others. This arrangement has been effective in Breraan 
since 1*977. Under tills system, secondary school begins with the 7th grade. 312 / 

For secondary school, students may choose to attend — (I) the basic school 
(Hauptochule) which leads only to opportunities at the nge of 15 to work as an 
"unskilled laborer," or by way of an apprenticeship, in a "skilled trade," in 
"practical vocations." "Certificates" are not given after one finishes basic 
school and students must seek employment without one. Graduates from basic 
schools do not generally have access to continuing schools (Realschulen or 



310 / The Educational System in the Federal Republic of Germany. Prepared 
by the Secretariat of the Standing Conference of Ministers of Education of the 
States of the Federal Republic of Germany in Cooperation with the Federal Minis- 
try for Education and Science and the Conference of West German University 
Rectors. New York, College Entrance Examination Board, 1979. p. I. 

31 1 / See appendix 7. 

3 1 2 / The Educational System in the Federal Republic of Germany, p. I. 
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Cyomoolon). but "every tenth graduate nttonda 11 full-time vocational school"; 

(2) Rcalochule, "a modern secondary or Intermediate school," which awardo 
graduates an Intermediate degree (mlttlere Rolfo), 1b a aecond choice. Graduatea 
have the opportunity of attending an upper technical achool (Fachoberachule) or 

n technical high school (Fachhochschulo) , that provide chance* for a more eminent 
career, but uoually not for an academic career; and 

(3) The Gymnasium which usually leads to the "matriculation examination 
(Abltur)," the university, and then to an academic or professional career. 313/ 

Studdnts may attend all public educational Institutions free of charge. 
Necessary '- school Buppllcs.are furnished without charge or freely loaned to them. 
Financial aaslstaaco Is provided for students beginning with the 11th grade 
with Insufficient funds when such assistance may become necessary under certain 
conditions In both general and vocational secondary schools and In lnatltutlons 
of hlghBr education. 304/ 

B . SECONDARY SCIENTIFIC AND TECHNICAL EDUCATION 

The general secondary school education In West Germany seems to be so com- 
plete that students who specialize In such diverse areas as clasalcs, mathematics, 
* or modern languages may pursue a degree In engineering at the higher educational 
level, and thus compete with students who have a more technical background. 315/ 



313/ Ibid., p. 21-22. 

314/ Ibid., p. 2-3. 

315/ Engineering Our Future, p. 219. 
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There Is a standard curriculum in West German schools chat stresses science 
and mathematics for all students through the tenth grade. Once a student has 
reached the tenth grade and has maintained adequate grades (B, B*) , the student 
may continue through the upper secondary schools — grades 11 to 13. 316 / Approxi- 
mately 75 percent of graduates from the upper secondary schools go on. to uni- 
versities. Also, about one-third of these graduates'seek degrees In science,' 
engineering, or mathematics. " 317 / 

C, ENGINEERING EDUCATION * '' ■ , 

Individuals entering the field of engineering In West Germany usually com- 
plete the academic program of secondary school and continue Into higher education. 
Some persons, however, who have worked as apprentices In Industry may decide to 
re-enter full-time education through attending special schools and eventually 
take engineering degree couraes. '* In essence, one can become an engineer in West 
Germany not only through the academic route, but also by an "employment based 
route." 316 / * c. 

Through the. academic route , which is the "traditional . . system," there 
are two different kinds of engineers that can be produced — the Ing. grad. " 
(Ingenleur Gradulerper, or graduated engineer), who studies In. a three-to-four 



316 / National Science Foundation and Dept.* of Education. Science and 
Engineering Education, p. 59. 

317 / Ibid., p. 60. 

318 / Engineering Our Future, p. 219.- 
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year program at a Fachhochschule, and Che Dipl. Ing.. (DIplom Ingenleur, or an 
engineer with a diploma), who could be referred to as a technician. 319/ 

the student seeking the Ing. grad. award usually has worked for a period > 
of time In Industry after attending a lower secondary school, and then pro- 
gressed to full-time study In a technical high school (Fachhochschule). In 
the technical. high school, a three- or four-year course program Is taken that 
basically prepares the student to work as a "mainstream engineer," Immediately^ 
following graduation, or after a few years 1 experience, many "graduated engineers- 
begin immediately to take courses leading toward the Dipl. Ing. award, "al- 
though the career prospects and rewards for Ing. Grads. are good enough to keep 
the majority In this stream." 320 / ' 

Students pursuing the Dipl. Ing. basically are required to complete a 
program that lasts'flve to six years and sometimes longer at a Technlsche Unl- 
versltat or a Technlsche Hochschule where advanced training In "engineering 
theory and applications" Is acquired. .During the first three years of study, 
which is basically composed of engineering science courses, the student is re- 
quired to work In Industry for at least slx^months. The next 'two years em- 
phasize professional engineering practice in particular engineering fields. - 
Instruction relies heavily "upon the close Integration between those Institu- 
tions and industry and on the substantial Industrial experience (required by 



319/ Ibid Also discussed with a spokesman during a telephone conversation 
on Fe~12 1981 In the Office of Science and Technology at the embassy, .of the 
Federal Republic of Germany. A technician invest Germany, the spokesman in- 
formed CRS, is not equivalent to one In the United States, but Is more advanced. 
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law) of engineering prof essors . 321 / During the final two years, developing,, 
aggregate skills Is stressed along with the balancing of knowledge and tech- 
niques In order "to equip the student for work In any of the process engineering 
Industries either In a specialized capacity or as an all-rounder." 322 / 

Technical education and training In West Germany Is thorough' and uses quallt 
staff and equipment. 32 3 / In recent years, however, this system of educating* 
engineers has experienced considerable changes. Since the middle 1960s, the 
number of students seeking a higher education has Increased from 240,000 to 
930££00 in 1979-80. As a result, there has been a decline in students pursuing 
the Ing. grad. award, and an Increase In those seeking the Dipl. Ing. The reason 
that students have begun to qpt for the higher award Is "for status reasons and 
because it is a more secure ticket to the better engineering Jobs." Aside from 
this, many Ing. grade, have not entered employment as Junior engineers upon 
graduation. Instead, a large number have chosen to stay in school and study 
toward another degree — In economics, or business, for example — or improve their 
qualifications and meet requirements In order to' receive the Dipl. Ing. award. 

The fatter choice has been popular among engineers "entering the public sector 

* 

where academic qualifications are important. In salary and career terms." 324 / 

As a consequence, this switch in the supply of engineers has caused a 
shortage of individuals-' with "practical skills associated with the Ing. Grad." 



- 321 /" Ibid. 

322 / Ibid. 

, 2?J./ Ibid. 

324 / Ibid., p. 221. 
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£or West Cet»an industry, "various proposals are. being considered to counteract 
this situation.' "The new planning framework," the Finniston report states, 
-provides a potentially powerful means of ensuring that engineering education 
keeps in step with industry's requirements." 325/ 

The most current data available reveals that, 16 1980, a total of 22,400 - 
•degrees were awarded in engineering in West Germany. 326/ 

D. SCIENTIFIC AND TECHNICAL ABILITIES O F WEST GERMANS 

The National Science Foundation and Department of Education report has 
concluded that "the overall picture in [West] Germany is one. of a very high 
level of science and mathematics literacy among college graduates as well as 
a strong science/mathematics understanding among the general population. This 
provides the* with the basic tools to" continue their education (German. law 
guarantees. that all people are entitled to ? a free education to as high a level 
a8 they desire) at a latter point in their careers, as many choose to do." 327/ 



325 / Ibid., p. 222. 

326/ Received through a telephone conversation on Apr. 28, 1982 with a 
spoked : at the American Society of Engineering Education. 

327/ National Science Foundation and Dept. of Education. Science and 
Engineering Education, p. 60. 
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V. RECAPITULATION AND BASIC COMPARISONS: JAPAN, THE SOVIET UNION, 
" AND WEST GERMANY 

Japan T Che Soviet Unlion, and West Germany reportedly emphasize science 
and ma them a tics in- their educational systems and introduce these -subjects 
at earlier/ages and grade levels. In fact, it was reported that West Germany 
provides such a well-rounded secondary education that students specializing 
in such diverse subjects as modern languages or the classics in high- school 
could pursue an engineering degree at the higher education level. In Japan 
and the Soviet Union, students maintain a mathematics/science-oriented program 
from the first grade through the completion of upper secondary education. 
All students are exposed to this program, not Just the elite students. 

In comparison, in the United States, "over 56 percent of the [U.S.] 
school systems require no mathematics course or only one for graduation 
from the secondary school program. Changing patterns for courses in secondary 
schools in the United States do seem to reveal, however, more and better 
mathematics training for _a_ome students,, especially advanced college-bound 
students; these students generally complete a calculus course and perhaps 
a course in probability and statistics." Surveyors discovered that, for most 
students, "the, general level of education in the United States seems to 
provide at least some training in general mathematics, geometry, and algebra 
(basic and advanced)." 328 / The NSF and Department of Education study con- 
cluded, however, "that one-half of all high school graduates take no ma theme tics 

328 / Ailes, Catherine P., and jFrancis W. Rushing. The Science Race, 
p. 20. 
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Ot science beyond the 10th grade and" only one-half of the student e entering " ' 
college have had any significant exposure to physical science or advanced 
mathematics beyond the 10th grade." 329/ 

V The structure of the educational systems of each country discussed are 

quite different: 

- Japanese teaching methods emphasize the uae of imitation and rote learn- 
ing, which the majority of U.S. educators consider outmoded; 

- Japanese students rarely question their teachers' viewpoints end sre ■ 
judged on stsnda^dized tests by their memorization of facts and conceptsi 

- Many U.S. educators encourage class discussions, sllowing students to 

' present their views, thereby presenting sn opportunity for student, to increase 
their creativity; 

- General education in the Soviet Union la designed to direct studenta 
toward the work force at an early age; 

■ ~ In the United Statea, in many caaea, emphaaia in general pre-college . 
education is deaigned to lead atudents to pursul, and coopl.t. higher education 
before entering* the job market; . 

- The Soviet Ministry of Higher and Specialized Education ha a declared a 
need for a more flexible curricula because Soviet education seems to be very 
narrow in specialized training. This flexible curricula would place a greater 

emphasis on\raining and provide a general academic background, that would allow 

a wider range of knowledge to be acquired; 

- m general, U.S. higher education inatitutione have flexible curricula 
that tend to provide studenta with general academic backgrounds; and 

- Persona labeled as "engineera" in one country may be referred to as 
"technicians" in another. > 



' 329/ National Science Foundation and Dept. of Education. Science and 
Engineering Education, p. 47. 
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In spite of these and other differences, some dther comparisons can be 
made with the number of degrees awarded by each country in the engineering 
field as well as in some scientific areas.. 330 / 

Date (see appendix 9, table .11) show that, for 1976,. the United States 
had the largest number of graduates in all fields of academic study, followed 
by the Soviet Union, Japan, and West Germany. The Soviet Union, however, had, 
in total and relative to all graduates, the largest number* of graduates in 
science and engineering, with the United States second in absolute number and 
last relatively. Japan was third in the number of science and- engineering 
graduates, but second in the number of engineering graduates per se. 

Data for 1979, (as shown in table 9, in appendix 8) available only for 
£he United States and the Soviet Union, indicate that the United States con- 
tinues to. surpass the Soviet Union in the total number of graduates for all 
fields. The Soviet Union, however, continues to graduate more than twice 
/the number in science and engineering than does the "United States, and. 
almost fiv<e times as many engineering students. In the physical, life 
science, and mathematics areas, the United States continues to award almost 
twice as many degrees as does the Soviet Union, but lags behind in the - 
agricultural sciences. The Soviets graduate oyer two times the number of 
U.S. graduates in this latter field. 

The data in table 10 in appendix 8 also reveal that the Soviet Union 

has the largest total number of engineering graduates,- plus the largest 

t 

percentage of engineering graduates relative to its total population, 

., 330 / The data "showing the number of engineering graduates in table 11 
(column 5) differ slightly from those of table 10 (column 5) for 1976, 
but. are consistent enough for the broad conclusions suggested here. 

0 
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while Japan rank* second, the United States third, and Meat Germany fourth, 
in both categories. 331/ 

While the general populace of the United States has been characterized 
■'k B heading "toward virtual scientific and technological illiteracy," 332/ 
the general populaces of Japan, the Soviet Union, and West Germany are 
believed to have a strong level of understanding of science and mathema- 
tics. "The key question, of course, is whether it matters that a large 
part of our population is uncomprehending "of science and technology," , 
ststes Daniel S. Greenberg, editor and publisher of the Washington Science 
and Government Report. "After all," he continues, "it is possible to use 
modern machinery without having the remotest notion of how it works; the 
ubiquitous hand-held electronic calculator is a case in point . • • The 
American political and administrative tradition," he points out; "holds 
that the non-technical generalise" leader can get by with the assistance 
of highly akilled advisers; also that engineering oanagement can make up 
for lack of trained skilis on the factory floor." 333/ 

Concern regarding the technical literacy of the U.S. population re- 
lates not oniy.to industrial atrength, but to military capabilities as well. 
Dr. Izaak Wirszup has been- quoted as warning that "the, Soviet Union's tre- 
mendous investment in human resources, unprecedented achievements in .Che 
education of the general population and immense manpower pool in; science 



331/ See appendix 8 and 9a. 

332/ U.S. Report Fears Most Americans Will Become Scientific Illiterate*! 
The Ne^TYork Times, Oct. 23, 1980. p. A22. It should be taken into con- 
sideration, however, that there are many U.S. schools with advanced and 
special science and mathematics education tracks for bright students. 

333 / Greenberg, Daniel S. Germany and Japan Outproduces Us— From 
Classroom On. Chicago Tribune, June 25, 1980. p. 8. 
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and technology will have an Immeasurable impact on that country's scientific 

industrial and military strength." 334 / 

The NSF and Department of Education report concluded that: 

For all of these countries [Japan, the Soviet Union, and West 

Germany], it is difficult to separate the effects of government 

policy, market factors, and social pressures,. What is clear 

is that in ciiich case there is a strong national commitment to / 

quality science and mathematics instruction as an essential 

part of the pre-college educational process. . The^result is / 

a work force which, at all levels, has a relatively high degree 

of science and mathematics skill, and this has been a factor 

in the very rapid expansion of technical industries. ■ 335 / 



334 / Trimble, Jeff. Russia's New Challenge to U.S., p. 50.* 

335/ National Science Foundation and Dept. of Education. Science and 
Engineering Education, p. 60. 
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PART III: POTENTIAL DIRECTIONS. FOR SCIENCE AND . ENGINEERING MANPOWER 
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I. FUTURE DEMAND FOR TECH NIC At MANPOWER IN THE" UNITED STATES * 

The United States Bureau of Labor Statistics (BLS) developed two sets of 
projections of the demand for scientists and engineers at all degree levels in 
1990 for the NSF and Department of Education study.- These projections are 
based on assumptions regarding economic conditions and Federal policy goals 
during the 1980s. The first projection (referred to as the baseline assumption) 
assumes that there will be a decrease in unemployment to 4.5 percent by 
1990 and a yearly "increase in labor productivity to 2.4 percent by 1985- . 
1990 above the current rate." Based on these and other assumptions, the 
BLS made the following predictions concerning the demand for scientists 
and engineers in 1990: 336 / 

— . . . [T]he employment of scientists and engineers in 
science and engineering occupations and at all degree 
levels will grow by about 40 percent between 1978 and 
1990; 

— This growth would. create about 180,000 new jobs in the 
mathematical, physical, life and social sciences, about 
480,000 new jobs in the computer professions, and 250,000 

engineering jobs during the twelve-year period [1978- 

" — » . . [T]he most rapid growth, about 110 percent, is 
projected for computer professions; 

--Employment of all engineers combined is projected to grow 
by less than 25 percent, with the most rapid expansion 
• for mining (almost 50 percent) and petroleum engineers 
(40 percentb; 



336 / National Science Foundation and Dept. of Education. Science and 
Engineering Education, p. 27. 
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_ Estimated' growth.: in all other major subfields [in 
. engineering] range. ' between 19 and. 28 percent; 337/ 

* - Among the sciences [occupational] growth is put at 40 
percent fbr psychologists, geologists, statisticians, 
and economists; * 

■ ' Occupations with projected slow growth include, jaor_ 

pherU scien^isTs, physicists and^tronbmers, and 

mathematicians, all of which are proj red at ten, 

percent or less. 338/ 
■ . - The chart below shows BLS 1990 projections for job openings in the computer 
science field compared with 1978, The BLS predicts that in 1990, there will 
be 400,000 job openings for systems analysts, 500, 000, for, programmers, 
850.000 for computed operators, and 160,000 for computer service technicians. 
Compared with the 1978 demand, this is a 119.7 percent increase in demand for- 
systems. analysts, 102.4 percent increase for programmers, 116.2 percent ln T 
cr ease for computer operators, and a 153.9 percent increase for computer 
service technicians. 339 / 



m/ ^ compute; | •^S'Si'^"^-- 
2E Cerefore: ITZlTt] tS. 

338/ National Science Foundation and Dept. of Education. Science and En- 
gineering Education, p. 27. 

339/ 'Scientific, Engineering, Technical Manpower Comments, jr. 18 
no. 2T^ar. 1981. p. 5. Percentages were computed by CRS from the 
projection data. , » 
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CHART 2. 340 / 
OPENINGS IN COMPUTER SPECIALTIES 




The second set of BLS., projections were based on three Federal policy 
goals — (1) "a sharply augmented defense budget'*; (2) "large-scale develop- 
ment of synthetic fuels'*; and (3) "a balanced Federal budget." The effects 
that each policy goal would have on. the demand for scientists and engineers 
will be discussed ^separately below. ' 

(1) A sharply Augmented Defense Budget. Under this assumption, be- 
tween 1978 and 1990, defense spending, excluding payment of military personnel, 
would increase by 14 percent or $6 billion in 1972 dollars. Under the assump- 
tion that defense expenditures would grow more rapidly and increase by 43 
percent, or §18 billion in 1972 dollars, the projected employment of 
scientists and engineers would only be slightly affected except for aero- 
nautical engineers. Under this condition, the demand for aeronautical engi- 
neers, over the twelve-year-period, would increase by about 40 percent; 341 / 



340 / Ibid. 

341 / National Science Foundation and Dept. of Education. Science and 
Engineering Education, p. 27. 
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(2) Large-scale Development of Synthetic Fuels. To determine .the 
Impact of this assumption On,the occupational. demand for scientists and 
engineers In 1990, the BLS consulted with the Department of Energy; Subse- 
quently, It created a theoretical program that called for the "construction 
-iiaroperatlon of new facilities for coal liquefaction and gasification. a„d__ 
oil shale development." This hypothetical program would produce about three 
quadrillion BTUs. This would be "about three percent of the total energy .. 
supply, Including Imports, projected by BLS to be available In 1990, and 
equivalent to 1.4 million barrels of oil per day (MMBPD) ." Based upon such 
. a synthetic fuels program, the BLS suggests that there would be only a small 
l„pact upon science and engineering employment In 19?0 that would not change 
the market assessment made under the first set of projections. 342/ Under 
che Impact of. a larger synthetic fuels program, the BLS "assumed that existing 
technology would be used In production facilities Installed over the next 
cen years." Additional employment, therefore, would be for the building and 
operating of new plants, requiring only limited numbers of scientists and 

engineers; 343/ and 

"(3) A Balanced Federal Budget: With the assumption that the Federal 
Budget would be balanced by 1983 and continue to be so through 1990, the 
BLS predicts that this would have "no major effect upon projected 1990 
science and engineering employment, since the assumed changes in fiscal 
policy would affect the economy as a whole and have relatively little 



342 / Ibid., p. 28. 
343/ Ibid. 
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effect on chose industries with high concentrations of scientists and 
engineers." 344/ 

The demand for science and engineering graduates between 1978 and 1990, 

the report states, was determined from 1990 employment estimates. This demand 

would be. for "trained but inexperienced workers to replace experienced personnel 

who would die or retire and to fill the new' Jobs created in the twelve-year- 

, ■ " . * r* 

period.** Under both sets of BLS projections of the demand, "about 360,000 scien- 

*■ o * . 

tists and over one million computer professionals and engineers , jof^a J:ptai of 

about L.4 million ^scientists and engineers would be needed to f il^growtb^ and 

replacement demand (excluding openings in academia.") 345 / 



344 / Ibid. 
345/ Ibid. 



m 6 
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II. FUTURE SUPPLY OF U.S. TECHNICAL MANPOWER 

Projections in the NSF and Department ?f Education study indicate that, 
by 1990, the supply of scientists- and engineers should be adequate to meet 
the demand in all fields except the computer professions,, statistics, and in- 
dustrial engineering. 346/ Also, there is a possibility of shortages in some 
areas of aeronautical engineering if there is a rapid expansion of defense 
programs . 347 / 

Table 12 in appendix 10 gives the report's overall projections for the 
science and engineering market in 1990. The report states that these projec- 
tions may be optimistic because they are based on* the assumption that colleges 
and universities will have the necessary capabilities to educate all qualified- 
undergraduate and graduate-level students who will be seeking various science 
and engineering degrees'. ,348/ Skeptics, however, suggest that this assumption 
may be unfounded, especially for engineering colleges because of "rising under- 
graduate enrollments, falling levels of Ph.D. production, and faculty shortages 
[which] indicate that these colleges may not be able to train all qualified 
applicants." 349/ "In this case," the study concludes, "there would be fewer 
engineers available in 1990 than the projections indicate, possibly resulting 



346 / Ibid., p. 26. 
' 347/ /Ibid. 

348 / Ibid., p. 27. 

349/ Ibid. The Scientific Manpower Commission has found that the_number 
Ph.D. "dig rees awarded in engineering has continuously declined since 1972 and 
"averages below 200 per year in computer sciences." Scientific, Engineering, 
Technical Manpower Comments, v. 19, 'no. 1, Jan. /Feb. 1982. p. 1. 
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in continuing tight markets 350 / in most specialities and, perhaps, serious 
personnel shortages in a few of them." 351 / The NCES findings corroborate 
this conclusion. It projects that, by 1985, engineering degrees will Increase 
to 73,400 before declining to about 65,100 in 1990. 352 / The NCES chart below 
shows that there will be significant decreases in the number of bachelor's 
engineering degrees awarded in all fields by 1990, except in environmental, 
mining, and nuclear engineering where the data show no change in degree reci- 
pients. 353 / "The decline in 1990 reflects demographic changes," it was re- 
ported, with "decreases in the college-age population which is expected to 
impact at that time." This decline, it is stated further, "should result in 
degree outcomes that are lower than the 1985 projections for total engi- 
neering." 354/ On the other hand, in the area of computer science, NCES 
data show that bachelor's degrees will probably increase by 58 percent be- 
tween 1979 and 1987. 355 / "Any increase," notes the Scientific Manpower 
Commission however, will intensify "a faculty shortage already in evidence, 



35_0/ "Tight market" indicates that employers might have difficulties in 
finding qualified individuals to fill existing job openings. 

3 51 / National Science Foundation and Dept. of Education. Science 
and Engineering Education, p. 27. j 

352 / Scientific, Engineering, Technical Manpower Comments, v. 18, no. 3, 
Apr. 1981. p. 1. 

353/ Ibid. 

354/ Ibid. 

355 / Ibid., v. 18, no. 2, March 1981. p. 5. 
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CHART 3 . 356/ 



Bachelor's Degrees in Engineering 
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at least for the short term. JO/j 
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M 357/ Chart 5 below shows the projections 



CHART 4. 358 / 



BACHELOR'S DEGREES IN COMPUTER SCIENCE 




356/ Ibid., v. 18, no. 3, Apr. 1981. p. 1. 
357/ Ibid., v. 18, no. 2, March 1981. • p, 5. 
358/ Ibid. 
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One of Che pitfalls of these proj ections , sppesrs to be that the BLS , 
NCES, snd NSF do not sddress, to a large extent , the future supply/ demand 
sltustlon thst msy exist in various scientific and engineering Bubfields wher 
future discontinuity between supply and demsnd is expected. The shortages 
that may occur in aeronautical engineering if defense programs quickly expand 
also may be true in other subfields if certain changes, which these projectio 
do not take into account, take place. 359 / 

4 ' 



359 / Discussed during a telephone conversstion with sn NSF spokesman on 
Feb. 22, 1982. 



142 



111. REVIEW OF THE POSSIBLE SITUATION 
\ ' • ■ 

The following table\prepared by the BLS and the National Center for 
Education Statistics, compares estates of employment openings by occupation 
(the BLS contribution) with NCES predictions of the supply of bachelor's and 
iter's degree graduates ^1978, through 1990 in each scientific and engi- 
neering field. The NOES projects, that, between 1978 and 1990, there will be 

. . ' \ TABLE 7 . 360/ 

' comparison of Projected X Job Openings »"h p "J" ted 
Degrees in Science and Engineering 1978-1990 




360/ National Science Foundation .and Dept. of Education. Science 
and Engineering Education, p. 29.. 
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about 3.4 million graduates receiving bachelor's degrees i n science and,engi~ 



The comparisons indicate that there are likely to be large shortages \ 
of people with bachelor's and master's degrees in the computer professions" 
and statistics. Large numbers of individuals, however, with mathematical 
training may be attracted to these fields, the NSF and Department of Educa- 
tion report predict^ thus probably decreasing the projected shortage. 362/ 
A pitfall in these projections, seems to be that the number of degrees 
awarded in engineering, especially bachelor's degrees, do not always reflect 
the number of individuals who actually enter the engineering field as an occu- 
pation. This aspect was not considered in the projections. Therefore, there 
.may be fewer numbers of engineering or scientific degreed persons -available 
for employment than the projections indicate. 363 / 

In engineering, fields, as mentioned previously, industrial engineering 
may have fewer graduates than available Job openings; and the fields of 
aeronautical engineering may experience a small deficit i n 1990 if the 
defense program is accelerated. Nuclear engineering, according to the De- 
partment of Energy, may have, future shortages, because several universities 
are eliminating nuclear engineering departments and more are planning to 
do so. This projection shows disagreement with NCES data 364 / which indicate 
that there will be no change in the number of nuclear engineering bachelor's, 
degree recipients by 1990. 

361/ Ibid. , p. 26. 

362/ Ibid., p. 28. 

363/ Discussed during a telephone conversation with an NSF spokesman on 
Feb. 22, 1982. 

364/ Mentioned on p. 139 of this report. 
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A study, sponsored by Che Depakene of Agriculture concerning current 
and future supply and decand in occupations that cay require agricultural or 
natural resources training other than agricultural science, has found that, 
in 1985, "there .ay be shortages of workers with training in several Job 
categories such as agricultural engineering and food and agricultural che 0 is- 
try." 365/ In general, the reportconcludes that for the overall engineering 
labor carWet in 1990, e-ployers may have great. r difficulties in locating 
qualified individuals to fill existing job openings than are indicated by 
the numbero in the table. 366 / 

Statistical predictions of overall engineering manpower trends prepared 
by Lieutenant Colonel Ji n Graha* of the U.S. Air Force shows that, between 
1981 and 1990, there will be 731,000 Job openings for 617,000 available en- 
gineering graduates, indicating a 114,000 personnel shortage in sll engineering 
diBciplineB. 367 / 



365/ Ibid. 



366/ Ibid- 

367/ .Grata.. J1-. LTC. The Engineering Shortage-A National* Problem 
Long RalTge Planning. Washington, U.S. Air Force. 
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CHART 5. 368 / 
Engineering Manpower Trendo/Projectiona 
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368/ Ibid. 
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IV. PREDICTIONS OF THE FUTURE SUPPLY OF SCIENTISTS AND 
ENGINEERS- IN THE SOVIET UNION 

Projections of the future supply of scientists and engineers in the three 
major countries previously discussed were located^only for the Soviet Union. 
Forecasts of the supply of and demand for scientists and engineers In the 
Soviet Union play a vital role in current and future plans for the Soviet 
economy. Consequently, an annual plan, five-year plan, and future plans, 
basically 10-, 15-, or 20-year projections, are designed by Soviet fore- 
casters. 369/ If any differences are found in the estimates of manpower 
needs and availability, they must be remedied through "training and redirec- 
tion of manpower flows." Any shortcomings in methods of planning and pre- 
diction may affect significantly the operation of the Soviet .economy . 370/ 

A recent U.S. study reported projected graduations in science and engi- 
neering in the Soviet Union for the i960 and 1990 period. 371/ Two estimates 
were made-high (variant A) 'and low (variant B)-of the total number of 
possible diplomss thst may be awarded in aU fields, in science and engi- 
neering generally, In the physical, 'life sciences and mathematics, in 
' engineering as a sepsrate entity, and in agriculture. Over the period of 
1975 and 1979, the rate of the total number of graduates aeemed to be 
stabilizing aa compared with high rates of increases in graduates during 



369/ Ailea, Catherine P., and Francis W. Rushing. The Science Race, 
p. 177. 

370 / Ibid. 

371/ Ibid., p. 187-190. See table 13, in appendix U. 
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the 1960s and curly 1970s. Therefore, Che race of graduate growch experienced 
during che 1975 co 1979 cline frame was applied for che 1980 co 1990 projecclons, 
which VarlanC A represents. "VarlanC B uses che average percentage of che 23- 
year-old populaclon graduaced in each broad field In che 1975 co 1979 period, 
applied co populaclon projecclons for 1980 Co 1990." VarlanC A 372 / shows 
gradual Increases In che total number of graduates, under che assumption that 
"che SovleC leadership will lncreaoe che percentage of graduaclons of the 23- 
year-old populaclon from che average race of 16.6 percent In the 1975 co 1979 
period co 24.3 percenc l n 1990, of grrtduacions In che physical and life sciences, 
and mathematics from 1.0 percenc co 1.6 percent, and graduaclons in engineering 
from 6. A to 10.0 percent of che 23-year-old populaclon." *%TT[ VarlanC B shows 
a decline in graduaclons beginning in 1984 which "probably "refleccs che prospeccs 
for che decline in chis age group of the populacion in che Soviec Union in che 
1980s." 374 / The accual number of graduaces from 1980 and 1990, according 
co Alles and Rushing* probably will fall between the cwo VarianC A and B eo- 
cimacea. 375/ 



Predlcclons for Candidace and Doccor of Science degrees appear to be more 



372 / See cable 5, in appendix 4. / 

373 / Ailes, Cacherine P., and Francis W. Rushing. The Science Race, 
p. 187. / 

374 / Ibid. See Cable 13, in appendix 11. / 

375/ Ibid. / 




dlfficulc because of che differences in the ways in which the 




cwo degrees are 
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awarded. Projections, however, have been made by the Soviet Defense Intelli- 
gence Agency (DU) for r.he "benchmark years" 1979, 1985, and 1990. 376/ The 
Candidate of Science degrees are predicted to remain relatively constant after 
declining from the 1979 level of 27,800 total degrees In all fields, to 26,300 
ond 26.400 In 1985 and 1990, respectively. Total Candidate of Science degrees 
awarded In science and engineering In 1979 were 20,800, and are forecasted to 
drop to 19,700 In 1985 and remain stationary In 1990. Such degrees conferred 
In physical, life aclences, and mathematics totaled 7.800 In 1979. and are 
predicted to decrease to 7.400 In 1985 and 1990. jointly. In 1979. total 
Candidate of Science degrees awarded In engineering were 11,500, but will 
probably decline to'lO.BOO In 1985 and 10,900 In 1990. 377/ 

Doctor of Science degrees, which normally take an average of about 
ten years to be awarded, In view of the fact that they are conferred for 
outstanding aclentlflc achievement, are predicted to Increase from the 1979 
level in both 1985 and 1990. Subsequently, they are expected to decline. 378/ 

Alles and Rushing, however, concluded that these data Indicate that 
"demographic problema It.e.. a decline In the 23-year-old population group 
in the 1980s] In the Soviet Union may for'ce a reduction In the number of 
graduates at the higher education and Candidate levels lr. the 1980s and at 
. the Doctorate level In the 1990s." The techniques used in making the pro- 
jections, however, "do not account for thi possibility that Soviet planners 

/ ! 



376 / See table 14, in appendix 12 
377/ See table 14', In appendix 12- 

378/ Alles, Catherine P., and Francis W. Rushing. The Science Race, 
L89. See table 14, In appendix 12. 
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may Increase the level of enrollment i n formal aspirant training l n response 
to demographic constraints and ao a result, produce a greater number of 
Candidates and Doctors of Science than the data would Indicate." I n addition, 
"there Is a possibility chat Soviet planners may Increase the percentage en- 
rollment ln the science and engineering fields In response to declining over- 
all enrollment patterns." 379 / 



379 / ibid. 
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V. RECAPITULATION: POTENTIAL .DIRECTIONS FOR SCIENCE AND 
ENGINEERING MANPOWER 

— The Bureau of Labor Statlutlco reports Chat tho employment of U.S. oclcn- 
tlots and englneero In oclence and engineering occupations, and In all ouch colleg 
degree lcvelo, will lncreaoe by 40 percent between 1978 and 1990; 

— About 180,000 new U.S. Jobs will be created In the mathematical ociencea, 
physical, life and social sciences, about 480,000 In the computer professions, 
nnd 250,000 In engineering between 1978 and 1990, the ULS predicts; 

— The ULS surmises that the moot rapid growth In U.S. demand will be for • 
the computer professions, about 100 percent; 

— A total of about 1.4 million U.S. scientists and engineers will be needed 
In 1990 to fill growth and replacement demand, according to theBLS; 

— By 1985, the number of U.S. engineering degrees awarded will increase to 
73,400, before declining to about 65,100 In 1990, the National Center for 
Education Statistics concludes; 

--The NCES states that there will be significant decreases in the number 
of engineering U.S. bachelor's degrees awarded in all fields by 1990, except 
in environmental, mining, and nuclear engineering where the data show no 
change in the number of degree recipients; 

— The SMC has found that the number of Ph.D. degreefe awarded in engi- 
neering has continuously declined since 1972, and "averages below 200 per 

. year in computer sciences In the United States"; 

— NCES data show that U.S. Bachelor's degrees in computer science prob- 
ably will increase by 58 percent between 1979 and 1987;- 



1 62 
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o— Statistical project ionn of overall engineering manpower trends, pre- 
paired by Lt . Col. Jin Graham of the U.S. Air Force, show that between 1981 
and 199^, there will be 731,000 job openings for 617,000 available englneering t 
' graduates, Indicating a 114,000 personnel shortage In all engineering disci- 

o 

pllnes; 

— Predictions of supply and demand for scientists and engineers In the 
Soviet Union play an Important role In current and future plans for the Soviet 
economy. As a result , 10-, 15-, and/or 20-year projections of manpower needs 
are designed. If any discrepancies are detected In manpower needs and avail- 
ability, they must be remedied through "training and redirection of manpower 
flows according to SRI International; 

— SRI International researchers state" that the Soviet leadership will 
Increase the percentage of graduation In the physical and life sciences and 
mathematics froia 1.0 percent i n the 1975 to 1979 period to 1.6 percent in 
1990, and engineering graduations 'from 6.4 p-ircent to 10.0 percent of the 
23-year-old population; 

— The Soviet's total Candidate of Science degrees awarded In science 
and engineering In 1979 were 20,800. This figure Is predicted to drop to 
19,700 In 1985 and remain stationary In 1990; 

— The* Soviet's Candidate of Science degrees conferred In the physical, 
life sciences, and mathematics totaled 7, 800 . in 1979,. and are projected to 
decline to 7,40O:*both In 1985 and 1990; 

s — In 1979, total Soviet Candidate of Science degrees awarded In en- 
gineering were 11,500, but are anticipated to decline to 10,800 in 1985, 
^and 10,900 In 1990; and 
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- Soviet Doctor of Science degrees, which take an average'of about ten 
years to be conferred because they are give"n for outstanding scientific achieve 
■ent. are predicted to increase in 1985 and 1990, fro* the 1979 level. 
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l. INTRODUCTION* 



This 'report thus far has focused on science and engineering education as 
It relates to the supply and demand of scientists and engineers In the academic 
sector, as well as the' Industrial sector of the United States economy. Certain 
aspects concerning this issue In Ja/an, the Soviet Union, and West Germany also, 
have been reviewed. 

The supply and demand of scientists and engineers also play a role In the 
area of'defense. Between 25 and 35 percent of the total employed scientists 
and engineers in the country are supported by defense work. 380/ 

The demand for engineers In private Industry, however, has increased 
engineer salaries to such a level that the military cannot compete, and 
therefore is experiencing problems in recruiting new engineering college 
graduates, as^ell as, retaining experienced engineers. 381/ 

» An expert has warned 'that "the growing gap between the scientific training 
of Americans and their Soviet counterparts . . . poses a grave threat to 
America's economic and military security." 382/ According to a recent Congres- 



/ 

/ 

slonal Research Service (CRS) report, 



It has been a long-standing tenet of U.S. defense policy to 
■counter Soviet military superiority In numbers of men and 
equipment with technologically superior weapons and supporting 
systems. U. S . ships, planes, and tanks have become Increasingly 



■ • 380/ Gansler, JaTkV " Shortages of Scientists and Engineers. Unpublished 
statistical report. Tj/e Analytic Sciences Corporation (TASC). 19 p. 

381/ Katonak, Major Thomas T., USAF. The Engineer Shortage: An Analysis 
Executive Summary. Report No. 1365-81, p. Ly 

382/ Glockner/ David. Wirszup: UtS. Science Education Lagging. The 
ChlcajjtTMaroon,- Ap/. 7, 1981. p. 1. \f 
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more sophisticated and reliant on high technology . . • £T]here ^ 8 a 
general concern, [however,] that whatever edge the U.S. and its allies 
have enjoyed may be evaporating. , 383/ 

The impact of the perceived shortages of scientists and. engineers on 
the Department* of Defense (DOD) has been reported to cause "decreased military 
preparedness, increased cost of weapons (design), reduced productivity (pro- 
duction), and diminished innovat iveness. " 384 / 

In a study analyzing the engineering shortage as it relates to the military, - 
particularly the U.S. Air Force, Major Thomas T. Katonak observes that society 
has become so complex that research and development (R&D) permeates human exis- 
tence. The status of nations is estimated by the level of technological achieve- 
ment and, in essence, scientists and engineers have become national assets. 
Therefore, It appears that a country "can develop economically and militarily 
defend itself only to the extent that It can exercise its R&D resources." 
Furthermore, "the effective use of R&D provides the competitive edge whether 
the issue Is balance of power or balance of trade." The R&D aspects of the 
Nation's "military-Industrial complex," he states, Is of utmost interest and 
Importance. In addition, "this complex not only Invents, develops and maintains 
all the weapon systems that make up our military machine but also, makes a sig- 
nificant contribution to our gross national product by virtue of the many 
systems exported to other countries and the vast number of people employed by 
government contractors and their subcontractors." It Is obvious from this ex- 
planation of the R&D process, he says, that scientific and engineering manpower 



383 / U.S. Library of Congress. Congressional Research Service. Engl—' 
neering Manpower: A Survey of the National Problem and the Problem in the 
Department of Defense. By Paul Zinsmeister. Washington, 1981. p. 2. 

384 / Gansler, Jack. Shortages of Engineers and Scientists. 
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is, relatively, "responsible for Che fundamental wellbelng of the United States.' 
Also, "this proceaa functions well only when adequate resources exist. " 385/ 

Because of these and other concerns, the supply of scientists and engineers 
In the DOD also Is discussed In this report. 



385 / Katonak, Major Thomas T. The Engineer Shortage. 
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II. THE EFFECTS OF THE SCIENCE AND ENGINEERING MANPOWER 
SUPPLY ON THE DEPARTMENT OF DEFENSE 

A. MILITARY 

The United States Air Force seems to be the branch of the service most 
concerned with engineering manpower personnel. 386 / "This does not mean that 
only the Air Force has problems in filling engineer requirements; it probably 
is more indicative of differences in personnel management concepts and priori- 
ties among the services." 387 / In response to a CRS inquiry, the Arrqy reported 
that it is experiencing shortages in scientific and engineering fields, but 
the "gravity of the problem is not as acute as the Air Force or the Navy." 
The Navy, in answering a similar CRS request, did not evaluate its current 
or possible future engineering personnel. This branch of the service, CRS 
was told, has been focusing its priorities on "meeting its officers require- 
ments in other specialties." For example, the Navy is involved extensively 
in solving shortages of nuclear qualified officers. 388 / 

During the t^o-da'y October 1381 hearings of the House Committee on 
Science and Technology regarding engineering manpower concerns, General , 
.Robert T. Marsh, Commander of the Air Force Systems Command (AFSC) at 4 
Andrews Air Force Base, stated that, because of higher starting salaries 



386/ U.S. Library of Congress. Congressional Research Service. Engi- 
neering-Manpower, p.- 12. 

387/ Ibid. , p. 13. 

388/ Ibid. 
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being offered by industry (about $7,000 more) than by the Air Force, indus- 
try is outbidding it for technically qualified people. In 1968, he reported, 
"the Air Force recruited over five percent of the- college engineering graduates." 
Currently, this figure has dropped to about one and a half percent. 389/ 
G« d Marsh announced that, since 1976, the Air Force has experienced a 
continuous decline in engineering personnel- Today, the Air Force is almost 
1,100 Military Engineering Officers short of Che minimum requirements. 390/ 
The AFSC, the primary user of engineers in the Air* Force, he continued, has 
a shortage of over 500 military engineers, or ten percent. Shortages are 
especially critical in the "electrical, astronautical , and aeronautical en- 
gineering disciplines" which forms the core of the Air Force engineering 
manpower^ staff . 391/ 

As a result of these shortages, he informed the House committee; the 
number of experienced military engineers has begun to decline. Within the 
last three years (since 1978), the AFSC has "suffered a net loss of nearly 
7,500 man years" of such experience. "Unlike industry," he reported, the 

Air Force "cannot hire into middle and top management levels. We must 'grow 

\ 

our own' — and to date we simply have not been able to replace this ex- 
perience." 392/ Although the AFSC recently has hired a total of 1,750 >ew 



389/ House Committee on Science and Technology, Engineering Manpower \ Concerns 
•p. 41. \ 

390/ Ibid., p- 44. \ 

3,91/ Ibid., p. 45. 

392/ Ibid. \ 
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lieutenants covering all Its engineering fields, this has not eliminated the 
overall shortages in the Air Force. ; 

It has become evident that this shortage of engineers has affected work 
in "promising technology areas." According to General Marsh, several problem 
areas are: 

In the [AFSC] labs, we started the Aviation Turbine Fuel " 
Technology Advanced Development Program which we hope 
will develop advanced fuels to reduce our dependence on 
high cos t t foreign petroleum. We have had to slow the pro- 
gram down because of lack of people. Ultimately, this 
slow down will cost us In additional petroleum costs and 
cause us to continue to rely on foreign supply; 

— [The AFSC has] started 'technology programs in the space 
countermeasures arena which require 15 additional technical 
people — we have only been able to assign one; 

— ■ AFSC has not been able to develop new, non-destructive 
inspection procedures for detection of fatigue damage In 
B-52 and A-7D aircraft. This has adversely affected the 
operational readiness of these aircraft; 

— AFSC attempted to contract out 264 Minuteman Missile circuit 
boards — no bids were received. The work had to be scheduled 
in-house, but, because of engineer shortages, the work will 
take three years versus the originally scheduled two years; 
and f 

— In another instance, AFSC lacked the engineering manpower to 
promptly identify the need to correct damage left after 
pylon hole rework. Wings on three aircraft had to be re- 
skinned — at a cost of $600,000. 393 / . 

To help solve the engineering manpower personnel shortage that the Air 

Force is experiencing, several Air Force scientists and engineers are 

searching for qualified talent on various university campuses to "try to sell 

the Air Fbrce as a career." At the present time, there are over 30 different 



393 / \bld. , p. 47. • 
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enterprises being put Into operation to "attract, retain, and Improve the 
productivity o£ engineers In the Air Fore " So-, of the. are listed 



below. 



~ Increases in ROTC scholarships from 6,500 in FY81 to 7 000 
in FY82 with proposed increases of 500 per year through 
FY85 spending congressional approval); 394/ 

- Increases in the Airman Education- Commissioning Program from 
309 in 1980 to 450 in 1983. Through this program, airmen \ 
with some college education in. science and math are sent to \ 
college full-time to earn an engineering/scientific degree, 

- The College Senior Engineering Program." This • • • program 
offers college engineering students the opportunity to 
enlist in the Air Force at the beginning of their senior 
year! Students receive full senior airman pay and allowances/ 
benefits while they go to school. Upon graduation, we send 
them through Officer Training School, commission them and 
place in an engineering job. Our F*82 recruiting quota is 150 
versus 85 for FY81; 

- The co-op student program which is designed to attract "« d ««" 
Into our 'civilian engineering wo'rk force. Wo have approximately 
500 people in the program and enjoy an 80 percent retention 

' rate; and 

- Increase In the Air Force Institute of Technology programs, 
both at the undergraduate level. [In 1981 , 1 " e " 1 / lc C a ° 1 °- 
mlssloned officers and 60 from active duty with technical 
degrees were sent to AFIT for a BS In electrical or aeronau- 
tlcal engineering .... On the graduate side [about] 570 
highly qualified officers were sent back to universities 

>o receive advanced engineering and scientific degrees- 
a 12 percent Increase. 395/ 



39«/. According to a spokesman with ^eAFSC during a telephone converse- 
~ — 1 in iqqo rnnttreas has approved the increase in RUIL scno-Larsnipa 
Vddlt'lonai'incteasesThrough^ 1985, however, are «U1 under discussion. 



tioi 

The additio 



395/ Ibid., p. 49. 
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B. CIVILIAN 

% The Department of Defense has indicated in a report that "the shortage of 

qualified engineers, skilled technicians, and to some extent, scientists with 
certain expertise — while affecting all sectors — can be particularly critical 
for Defense." 396 / Starting salaries for many engineers and scientists at 
DOD are about $4,000 to $6,000 less than those in private industry. Therefore, 
it has become more difficult to fill entry-level positions. In addition, the 
qual'lty of the individuals being hired is becoming questionable. 397 / 
I A survey of the seven laboratories in the Army^ Electronic Research and 

/ 

^Development Command discovered 120 unfilled science and engineering (S&E) 
/ positions: 

— 31 S&E positions have been vacant for up to 89 days; 

— 55 S&E positions have been vacant for up to 179 days; 

— 22 S&E positions have been vacant from 180 to 269 days; 

— 6 S&E positions have been vacant from 270 to 359 days; and 

— 7 S&E positions have been vacant for a year or more. 398 / 

These statistics reflect serious problems being experienced by DOD laboratories 
t m 

In recruiting new personnel and retaining experienced scientist and engineers 

/ 

396 / Office of the Under Secretary of Defense. The Status of Scientific 
■ and Engineering Personnel in the United States: An Analysis of the Problem, 
Its Impact on DOD, and the Role of the Defense In the National Arena. White 
Paper. Washington, 1981. p. 3. 

397 / Ibid. 

398 / Ibid. 
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already employed , according ^o^e^DOD^^^ 

stem from "inferior facilities and equipment in the DOD laboratories, [and] 
a lack of opportunities for growth and advancement." 399/ 

Several procedures have been implemented thas DOD hopes will improve its 
ability to selectpand keep science and engineering employees. They include! 
studies conducted by the military services to review area* of need; "the^de- 
velopment of the DOD Science and Engineering Apprenticeship Program for High 

School students; the initiation of fellowship, programs in scarce skill areas; 

and the NOSC [Naval Ocean Systems Center] and [the Naval Weapons Center in] 

China Lake experiments designed to retain S&E's by modifying the rigid Civil 

Service pay and promotion systems/* 400/ 

. In addition, DOD has begun to devise a plan that it predicted will com- 
bine the various studies by public and private sector groups regarding the 
perceived national shortage of scientists and. engineers , and examine the evi- 
dence from the DOD viewpoint; generate fresh data on the situation of science 
and engineering employees in DOD laboratories; supply "policy-level" support 
by Identifying resources and giving direction in order to assist the attempts 
" by the individual military services to interest and retain science and engi- 
neering employees; and* devise, examine, and implement innovative ways to solve 
the problem, and coordinate them with current undertakings. 401,/ 



399 / Ibid., p. 4. 

400/' Ibid. 

401/ Ibid., p. 5. 
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III. RECAPITULATION: DOD SCIENTISTS, AND ENGINEERS 

— General Robert T. Marsh, Commander of the Air Force Systems Command' 
at Andrews Air Force Base, has reported that, because of Industry's higher 
starting salaries (about $7,000 more), industry is outbidding the Air Force 
for technically qualified personnel; / 

In 1968, the Air Force recruited over five percent of the engineering 
graduates. As of October 1981," this figure had dropped to about one and one 
half percent, Cen. Marsh stated; 

— Since 1976, according to Cen. Marsh, the Air Force has experienced a 
continuous decline in engineering manpower. At the present time, the Air Force 
Is almost 1,100 Military Engineering Officers short of the minimum requirement;. 

— The AFSC, the primary user of engineers in the Air Force, ia experiencing 
a ten percent shortage, over 500 military engineers; 

— AFSC engineer shortages are most critical in the electrical, astro- 
nautical, and aeronautical engineering fields which, Cen. Marsh explained, 
forms the core of the Air Force engineering manpower staff; 

— Since 1978, Cen. Marsh reported, as a result of the engineering manpower 
shortage, the AFSC has encountered a net loss of almost 7,500 man-years of engi- 
neering experience; 

— DOD starting salaries for many engineers and scientists are- about 
$4,000 to $6,000 less than those In private industry; and 

— A survey of the Soven laboratories in the Army's Electronic Research 
and Development * Command , discovered 120 unfilled science and engineering po- 
sitions . 
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_ The Navy currently Is Involved extensively 
nuclear qualified officers. 



in solving shortages of 
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PART V. A HISTORY Or CONCIEiSIONAL CONCERN AMD SOME ACTIONS TAKEN BY THE 
NATIONAL SCIENCE FOUNDATION RELATED TO SCIENCE AND ENGINEERING EDUCATION 
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I. HISTORICAL OVERVIEW OF CONGRESSIONAL 1NTERES ^P^^^" 18 * 8 
FOUNDATION ACTIVITIES IN SCIENCE AND ENGINEERING EDUCATION 

A. INTRODUCTION 

| \ 
The Congress and the National Science Foundation together have played an 

important part In the growth and lengthening of U.S. science and engineering 

education since the establishment of the NSF in 1950. Because in many cases the 

Congress directs (through authorization and appropriations bills) programmatic 

developments which the NSF subsequently carries out, this discussion interweaves 

congressional and NSF actions as they have occurred over the periods covered, 

rather than provide summaries of congressional and NSF actions in separate 

sections. 

B . PRE-SPUT NIK ERA (1953-1957) 

The National Science Foundation. In its second annual report to 
President Truman, warned today of a cri Meal shortage of scientists 
In the United States that It expected to grow worse in the next 
few years. 

. . [Contrasted to that in the Soviet Union, where governmental 
programs call for a schooling of technical and scientific experts . . - 
thpr- will bp only 15,000 engineering graduates [in the United States] 
In 1955, [compared] with 50,000 in the Soviet Union, where there had 
^ocn only 9,000 in 1943. 

In the engineering Meld, ... the shortage tends to feed itself. 
College seniors; "are besieged with personal representatives , so 
that many students have a choice of jobs upon graduation. Under 
\ these circumstances,- the foundation concluded, it is too much to 
\ xpect the requisite number of promising students to turn down 
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offers of $3,000 to $6,000 a year in favor of spending three or 
'four more years in postgraduate work. 402 / 

Shortages in scientific and engineering manpower do not appear to be a 
new occurrence in the United States, as this 1953 excerpt from a New York 
Times article indicates. Job offers from industry, with high starting 
salaries to baccalaureate science and engineering graduates also were evident 
in the. early 1950s. In response to this situation, the National Science 
Foundation which has a mandate to "promote the progress of science", took "no 
oyert steps to attract more students into . . . science and engineering" ac- 
cording to Milton Loraask. Contrary to this statement, however, Lomask points 
out that "as early as 1954, [Dr. Alan T. ] Waterman, [the NSF Director], was 
opposing the suggested creation of a special manpower commission by the President. 
[Waterman's! argument was that shortages of scientific and technical workers were 
'confined to a few fields, and likely to improve.' Any 'dramatic emphasis' on the 
problem, he wrote, 'might lead to oversupplies . * " 403 / 

In a statement beforje the Senate Appropriations Subcommittee on Indepen- 
dent Offices in - April 1953, Dr. Waterman' explained that the NSF was providing 
financial assistance for ^the training of scientists and enginee'rs,* through the 
awarding of fellowships for graduate scientific training, to help ease the 
scientific and engineering shortage that the Nation was facing at that time. 404 / 



402 / Lack of Scientists is Called ^Critical: 2d Report of U.S. Foundation < 
Says Russia is Outdistancing Us in Engineering Graduates. New York Times, ! 
Jan,. 17,. 1953. ! 

403/ Lomask, Milton. A Minor Miracle: An Informal History of the National 1 
Science Foundation. Washington U.S. Govt. Print. Off., 1976. NSF 76-18. p. 121. 

404/ Waterman, Alan'T. Statement 'of Alan T. Waterman, Director, National 
Science Foundation. Before the Subcommittee on Independent Offices, Senate 
Appropriations Committee, Apr. 24, 1953. _In: Remarks of H. Alexander .Smith. 
Congressional Record, Daily Edition, v? 100, May 5, 1953: 4439. 
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In fbcal year 19*2. NSr awarded Its first ful low i, Ips to 569 pre-doctora' 
students and 55 post-doctoral students, out of ..9>7 applicants. In fiscal 
year 1953, 515 pre-doctoral and 42 poat-doctoral awards were granted put of 
1,29$ applicants,. 405 / 

Obligations to NSF for education In the sciences for fiscal year 1954 
Increased by 5480,000 over fiscal year 1953— $1 .41 million was allotted In 
19 53 and 51.89 million In" t'Y 1954.' 406/ 

In addition to providing more funding for science education^ several Members 
ol Congress expressed their concern regarding the "need for additional scientists 
' and engineers, and also the need to makp/ more adequate use of IKS. scientific man- 
power. Representative George H. Bender, In extensions of remarks In the House In . 
May 1951. stated that without [thej skilly [of scientists], the Nation x «lght find 
Itself in peril. When we realize that this group constitutes only two-tenths of 
on o --rent of the population, we recognize that we must be constantly seeking to 
in.reaio this number. M 407/ Senator Alexander Wiley commented la the Senate In 
August 19.V. a*d on dimerous other occasions regarding his concern that the Soviet 
Union van -far outdistancing us In expanding the reservoir of skilled engineers, 



4CV Ibid. 



r * 406/ National Science Foundation. Directorate for Science Education. 
Scl«ncT~Educatlan Databook. Washington, Si 80-3. p. 19. 
<^ 

407/ Our Reservoir of Scientists: Asset No. 1. Extension of <> f 
CeorgeH. Bendec Cong' .clonal Record-Appendix, Daily. Edition, v. 100, May 15, 
1953. p. A2839. 
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scientists, and other technicians." 408/ Also, he stated that "under these cir- 
cumstances, for us to fail "to provide adequate incentive to talented young scien- 
tists; . . . is to be. committing, in my Judgment, a tragic blunder." 409/ 

These sentiments appeared to be similar to those of many other Members of 
Congress as it became more apparent that the Soviet Union rapidly was overtaking 
the United Stifles in its training of technical manpower. Science magazine reporte< 
on the Soviet Union's progress in strengthening its trained professional and scien* 
tlflc manpower between 1940 and. 1953, and its plans to graduate 50 percent more 
engineers .from higher educational institutions by 1956. 410 / The Soviets were 
said to place more emphasis on science and technology training than did the United 
States and at that time had/>00,000 engineers compared with 500,000 in the United 
States, and 150,000 scientists, compared with 200,000 U.S. scientists. 411 / 

In addition to the expansion of Soviet technical manpower, there also was 
apprehension In Congress over the fact that many high school science teachers were 
being lured away by industry by largur salaries. Several oil companies were of- 
fering to^double the salaries of high school science teachers. 412 / Senator 

r 



408/ Wiley, Alexander. More Adequate Use of Scientific Manpower. Remarks 
In the Senate. Congressional Record, Daily Edition, v. 101, Aug. 6, 1954. 
p. 13505. 

409/ tfcld. 

410/ DeWitt, Nicholas. Professional and Scientific Personnel in the U.S.S.R 
Science, v. 120, July 2, L954. p. 1-4. | 

' 411 / Kelly, Harry C. Trends in Supply of Scientists and Engineers in the 
Unitthi States. Science, v. 120, July 2, 1954. p. 5A. The statistics also were 
noted/in remarks made by Rop. Adam Clayton Powell, Jr. who later Introduced the 
National Defense Scientific Education Act in May 1955. ■ * 

4 12 / Anderson, Clinton ?* Remarks in the House [regarding the study of 
science at che high ochcol level). Congressional Record, Daily Edition, v. 101, 
July 11, 1955. p. 10151. 



170 



Clinton P. Anderson observed that "one of the aost s«rlou. problems now con- 
fronting us arises by companies which wish to obtain the services of science 
teachers, whereas today we need .ore. than ever before in our lives competent 
science teachers to train the new generations." 413/ He suggested that 
awarding scholarships to outstanding high school studenta who did exceptional 
work in physics, chemistry, and mathematics may be one way t',:t the Nation 
could catch up with the Soviet Union. 414/ 

The National Science Foundation apparently anticipated Sputnik- 415/ 
In 1953, NSF began sponsoring summer Institutes for college science teachers 
to assist them in learning about new developments In their own and related 
fields. Two summer Institutes were held In 1953. The number Increased to 
four In 195'. and, by 1955, 11 were being conducted. In 1956, the number 
had grown once again to 25 summer institutes. Also In 1956, a new and ex- 
panded "sclence-teacher-trainlng" program was established-"the academic 
year institute for high scnoH teachers of science and mathematics "--and 
conducted through two t„t,a, h.U - 1957. 416/ Through this plan, 

high school teachers M«M KtM » U«« of absence from their jobs and 
attend a special stud- program at •. ,:.vcrslty during the regular school 



•AO/ J.bld. 
4. .,- IM.d. p. 10152. • 

415 / Loai* 1 -., MSlton. A Minor Miracle, p. 122. 
■ 416/ U.S. Congress. House. Committee on Science and Astronautics. 
SubcoSIttee on Science, Research, and Development. The Nation. ie e 
Foundation: A General Review of its. First " ^ ^g^e 
the Science Policy Research Division, ^islative Reference Servl , y 
of Congress, 89th Cong., 2d Sefls., Washington, ..U.S. Govt. Print, 
p. 130-131. 1 
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year. U\]J by the l')5/- r >8 hcIiooI year, the high school academic institutes 
had grown to 16. In Che fiscal year 1957 NSK budget, Congress Increased support 
for the Improvement of high school science and mathematics teaching by allotting 
$5 million dollars more for this purpose than the NSF had requested. 418 / 

For promising students, during the 1956-57 academic year, the NSF established 
the Special Projects In Science Education Program which paralleled the Summer In- 
stitutes program for teachers. This new program involved three main areas: (1) 
Curricula studies, which responded to the concern that pre-college Instructional 
programs failed "toNrttJuse motivating interesting and understanding o£ the scien- 
tific disciplines", (2) Student-Participation Projects, that were "planned to 
Increase interest in and understanding of science by students at all educational 
levels", and (3) Teacher-Training Projects that included \pecial programs for 
teachers designed ro Improve science teaching . . . 419/ 

In November 1956, the NSF initiated the Physical Science Study Comrilltee 
(PSSC) at the Massachusetts Institute of Technology to present a new way of 
teaching physics, which included new instructional materials. The PSSC was pre- 
sented by el'ght teachers experimentally, to high school students during- the 
1957-58 school year* and was considered a success. Various pieces of legisla- 
tion were intr^dt .p<i '.n Congress for the furtherance of science and engineering 



U,S ' f ^ress. r r >use. The National Science Foundation and Pre-College 
Science fcciucatlor^ 50. 

4Ui/ U.S. Congress. House. The National Science Foundation: A General 
Review, p. 133. 

4j_9/ National Science Foundation. Seventh Annual Report, Fiscal Year 1957. 
Washington, Govt. Print. Off., I9t>3. p. 72-76. 
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education between the 84th Cong.... and the end of the first session of the 85th 
Congress, prior to the launching of Sputnik I. Such legislation ranged fro. a 
National Defense Scientific Scholsrshlp Act, which authorized , the "Commissioner 
of Education to grant scholarship for study, at «H -Uege or graduate 
level, of subjects In the fields of engineering, physics, chemistry, or 
similar scientific courses, In order to Increase the supply of trained scien- 
tific and technical personnel in the united States . . . .". «0/ to a Federal 
Tuition Loan Guaranty 'Act , which would provide that "lenders ... be insured 
against losses, on lu** «.««« by them for tuition to science and engineering 
students after January 1. I95d." 421/ No action however, was taken on any 
of the legislation. 

One set of hearings held within this period was related directly to 
science and engineering education. The "Shortage of Scientific and . Engi- 
neering Manpower" hearings were conducted by the Subcommittee on Research 
■ and Development of the Joint Committee on Atomic Energy during .the 84th 

a ,11 17-19 25-26 and May I, 1956. This subcora- 
Congress, 2nd session on April 17 IV, 2i ib, ano nay , 

mlttee appeared "mindful of the counting threat to this country posed by 



Part V, p. 212. 
421/ Ibid. 
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the Soviet Union," according to Representative Melvin Price, a member of the 
subcommittee. 422 / 

The 85th Congress, 1st session was adjourned on August 30, 1957. Sputnik 
I, the first Russian earth satellite, was launched into space on October A, 
1957. 

C. POST-SPUTNIK ERA (1958-1970 ) 

.1 . The 85th Congress, 2nd Session 

With the start of the 2nd session of the 85th Congress on January 7, 
1958, "an atmosphere of tension and crisis" was evident as legislators re- 
convened three months following the launching of the Soviet earth satellite. 
Dissatisfaction with the state of the Nation's science and engineering educa- 
tion in the schools became more evident. 423 / ". . . [T]he appearance of 
Sputnik I both confirmed the vigor of Soviet technology and stirred a public 
demand in this country for more education in the sciences . . . ." 424/ By 
March I, 1958, about 90 percent more legislation had been introduced in regard 
to scientific study, teaching, and general aid to higher education than had 



422_/ Price, Melvin Meeting the Need for Scientific Manpower — An Intel- 
ligent Approach to the Problem. Remarks in the House. Congressional Record, 
v. 104, Feb. 3, 1958. p. 1572. 

421/ Summarized Legislative History of the 85th Cong., 2d Sess., Report 
No. 14, Jan. 7, 1959. Washington, American Enterprise Association, Inc., 
p. I. 

424/ Lomask, Milton. A Minor Miracle, p. 122. / 
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b een apparent during the ..tit. Ur.t —Ion of the 85th Congreoa. Ulti- 
mately, the 85th Congees fnUlaCd a program that granted ? 900 ollllon for 
national assistance to education. 47.5/ 

President Eisenhower, In his State of the Union address to Congr.ee on 
January 9, 1958, called for Scientific cooperation with our allies" and 
urged Congress to pass the necessary leglalatlon to "per-lt the exchange of 
appropriate eclentlflc and technical Information with frlendiy countrlee." . | 
He aleo euggoated a "Ml Uon-dol lar , four-year program to .tl-ulat. and i.- j 

! r „ Marc h " '.26/ Conaoquently, Congreaa enacted 
prove science education and research, o [ 

(„ the Euratom Cooperation Agreement (P.t. 85-8.6) paeeed Auguet 12, 1958 ( 
.„„ signed by the President on August 28, 1958, that authorized cooperation , 
with Boiglun., Erance, West C-ermany, Italy, the Netherlands, and Luxembourg 
(whlch comprised the European Atomic Energy Co-unity) for the "peacelul 
develops of atoolc energy;" and (2) the National Defence Education Act 
o£ 1958 (P.L. 85-864), approved September 2, 1958, which established "a 
four-year, 5 887-»UUon program of student loans, fellowships and other 
al ds ,o improve our sclent! He manpower resources" 427/ and which Included 
provisions for science and mathematics Instruction, at all educational levels 
ln che united States and the creation of a Science Information Service in 
;he'NSF. ^28/ 

42_5/ Summarized Legislative History, p. I. ; 
426/ Ibid. , P» 4 « 
427/ Ibid., P» 10i u » 

Administration, Oct. 15, 1963. p. I. 
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Following the launching of Sputnik 1, 429 / Congress grunted $8.7 million 
to NSF, stipulating $2.3 million for thti teacher- train Lng Institutes. By 
1958, a total of 126 summer lnatituteo were held— five for college teachenu 
only; three tor both high school and college teat h.T", , and 118 foe high school 
teachers only. The Academic Year Institutes conducted had grown to 19. 430/ 
In addition, there were 85 In-Service Institutes which allowed Bulected 
secondary yclence and mathematics teachers wJ th t .'.helor'n degreea to take a 
piiruon.il study pr o^r^u,. inc program usually stretched over one, two, or 
three 'lumbers, and helped teachers Improve their 'jampetence in these subject 
areas and, In many erases, complete work for an advanced degree. 431 / 

As a result of the success of the Physical Sciences Study Committee 
project, Initiated during the 1957-58 school year, NSF agreed to support a 
similar project created at Yale University — the School Mathematics 
Stu^v Group. This program was the product of a new course for grades four 
through 12 that eventually became known as "the New Math." 432/ One objec- 
tive of this project was "to provide a sound basis for a solid college 
course In calculus and analytical geometry by the end of the 12th grade." 433/ 

4 JLV 011 Jan * 31 » 1*58, Explorer 1, the first U.S. sateLllte was launched. 

430/ U.S. Congress. House. The National Science Foundation and Pre- 
College Science Educai-lon, p. 60-61. 

^31/ Natlon.i! ;«:lonce Foundation: Elgth "Annual Keport for the Fiscal 
Year Ended Juir? : : 08. Washington, U.S. Govt. Print. Off., 1959. p. 53- 

54. : : 

43^2/ Loroask, Milton. A Minor .cle, p. 125. 

413/ National Science Fot. ith Annual Report for the Fiscal 

Year Knded Jmir 30, t9 c />. Washin^.o Govt. Print. Off., i960. P . 82. 
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nw- course, were referred to as the NSF Course Content I» R rovc»ent Program, 
designed to provide support to secondary and elementary schools In order to 
Improve the content of science and mathematics curricula and courses, and to 
provide various types of teaching and learning aids to help modernize the 
Nation's science and mathematics education. 434/ The program eve tually In- 
cluded the Chemical Bond Approach Project, a Chemical Education Materials 
Study (CEMS) project, both presenting new approaches to the study of chemis- 
try, "a resource book o n topics In geology by the American Geological In- 
Btltute, and a group of texts, lant-rn slides, and films on the atmosphere 
sciences by the American Meteorological Iety"i a Biological Sciences Cur- 
riculum Study (BSCS) project, and a social smiles project entitled, "Hani 
A Course of Study" (MACOS). 435/ 

During the 1958-59 school year, the Summer Science Training Program 
for Secondary School Students (SSTP) was created as part of the Student- 
Participation Projects. Through the new program, high-ability "secondary 
school students twere provided opportunities! to study and work during the 
summer with experienced scientists and mathematicians at sponsoring [higher 
education) Institutions." 436/ 



434/ National Science foundation: Tenth Annual Report for the Fiscal 
Vear Ended ..one 30, I960. Washington, U.S. Govt. Print. Off., 1961. p. 100. 

435/ Lomask, Milton. A Minor Miracle, p. 126, 127, 257. 
436/ National Science Foundation Ninth Annual Report for the Fiscal 
Yearned June 30, 1959. Washington, U.S. Govt. Print. Off., 1960. p. 
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2. Thc_86th C ongress 



Although many strides had been made in Improving the instruction of 

science education in the Nation 1 !) school system, n warning by NSK whs brought 

to the attention of the House by Representative Victor L« Anfuso, that: 

We have only made a beginning; the major Job is atlll to 
be done. As a nation, we appear to forget that we live 
in a competitive world and shall continue to do so. It 
seems abundantly clear that we shall rapidly lose in 
competition, unless we can .show more determined and con- 
structive efforts than we have during the pa3t years. 63 I f 

With that quote prefacing Mr. Anfuso'u remarks, ho introduced legi«l,i* vi 

for the creation of a Science and Technology Agency. That bill, !" ' 

like it, did not. receive congressional action during the 86th Con>! 

Another bill, however, Introduced by Mr. Anfuso, to establish «, Nat < 1 

Medal of Science to be awarded to Individuals who make outstftd lv.^ ^.m tb»" 

tions In the physical, biological, mathematical, or engineering nclencoj;, 

signed into Public Law 86-209 on August 25, 1959. 638/ 

Several hearings were held during the 86th Congress in inference lo science 

and engineering education. The House Committee on F * ence a*- stronauticfl held 

hearings on Scientific Manpower and Education to examine the problems facing the 

Nation, at that time, concerning -the Improvement of science teaching and the 

437/ Need For an Overall Sc 1 e nee > a*n^^qhno logy Agency. Extension of 
Remarks of Victor^. Anfuso. Congressional RecofrH*,^. 105, Mar. 24, 1959. 



438 / U.S. Congress. Senate. Legislative Record: Digest of Achieve- 
ments and Status of Presidential Recommendations, 86th Cong., 1st Se a s., 
Jan. 7, 1959, to .Sept. 15, 1959. Flve-Year Review of the Democratic Contro 
86th, 85th, and 86th Congresses [by the Honorable Lyndon' B. Johnson, Senate 
Majority Lcndcrl Washington, U.S. Govt. Print., Off., 1959. <86th Cong., 
1st Sess., Senate. Dor. vine nt No. 63) p. 62. 



p. 5122. 
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effwctlveuoBH of science dducatlon at all cdiicnt Lonnl levelii; Scientific 
Information DUBumln.it Ion, to rtudy the problem of improving the collection 
and distribution of scientific Information within the Nation nnd abrond by 
varluua U.S. libraries, Federal Government rtRenclea, and private lnut I tut Ions , 
and to what extent such Information U available to U.S. scientists and engineers; 
Scientific and Technical Personnel (U.K. 7^1), which Involved the creation of a 
committee to study the need for, composition of, and most efficient means for 
obtaining a Co, • current record of scientific and technical U.S. personnel; 

and j blli. • ,.,hd»I .ii <» National Science Academy under the National Science 
Foundation. Hearing on the National Science Foundation Comparison of tfio 
United States and U.S.S.R. Sconce education were held.by the Ho^^omm 1 1 1 e e 
on Appropriation!!, 

In fiscal year W) > Congress hod provided $64.3 million In science and 
engineering education funding, compared with $20 .3. mil I Ion In flocal year 1958 _ 

to NSK. A new International Science Kducatlon program was established In NSK. 

tha' was: 

designed to foster International cooperation and Improve 
communication* among nations with respect to problems of science 
education and scientific manpower. Appropriate professional 
groups In the various disciplines were given support for a 
study and evaluation of science subject matter offered In 
foreign educational systems, with the cojective of improving « 
science curriculum* in this country. Distinguished foreign 
scholars were brought (to the- United States] to visit the 
various Institutes sponsored by the foundation. Advanced 
students and scientists . . • received Foundation support to 
permit them to participate In International educational 
programs. 



/,>•>/ See the Selected Annotated Bibliography, Part V, p. 199. 
440/ U.S. Con 8 r e sB v Mousey The Matronal Science Foundation: A General 
Review, p. 135. : ~~ - 
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For fiscal year 1960, Congress appropriated to NSF $66.8 million for 
total support of scientific manpower, a 3.8 percent increase over fiscal 
year 1959. 441/ 

\ . ' 

\ 

3. The' 87th; Congress^ 

\ 

\ 

In 1961, total undergraduate engineering school enrollment^ in the United 
States was 232,000, a 0.9 percent decline from 1960. This was reported to 
be the smallest decrease in four years. 442 / Engineering graduate enrollment, 
however, had increased at all levels — master's degree enrollment was 32,800, 
a 5.1 percent increase over I960; and doctor's degree enrollment was 7,900, 
22.1 percent more than the previous year. - 443 / 

Engineering degrees awarded for the 1960-61 academic year showed a 5.2 
percent decline in bachelor's degrees conferred compared with 1959-60, which 
had 35,900 engineering degrees awarded to recipients; master's and othet pre" 
doctoral engineering degrees had increased 13.6 percent with 8,100 awarded; 
and 943 doctor's degrees in engineering were conferred, a 20 percent increase 
over 1960. 444 / 



441 / National Science Foundation: Tenth Annual Report, p. 169. 

442 / Tolliver, Wayne E., Henry H. Arrosby, and Leah W. Ramsey. Advance 
Report, on Engineering Enrollment and Degrees: 1961. Washington, U.S. Depart- 
ment of Health, Education, and Welfare. Office of Education. Feb. /1962. 
OE-54004-61. p. 1. ' 

V.3/ Ibid. <> 

444// Ibid. 
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In conjunction with che increases in graduate engineering enrollment 
and engineering degrees conferred, Congress legislated to a xtend, for two 
years, the provisions of the National Defense Education Act, to "stimulate 
a nationwide effort: to strengthen instruction in science, mathematics, and 
foreign languages" (P.L. 87-344).' 445/ The second session of part two of 
hearings on "A Bill to Provide' for the Establishment Under the National 
Science Foundation, of a National Science Academy." was held on March 28, 
and Kay 25, H61. Originally introduced as H.R. 4986 in the 86th Congress, 
1st session, the bill was reintroduced in the 87th Congress, 1st session as 
H.R. 1, the National Science Academy Act, for "a National Science center 
consisting of an academy and research institutes to train selected persons 
in science or engineering for service as officers or employees of the United 
States." No further action was taken on this legislation. 

In 19C1, Congress received criticisms from several constituents con- 
cerning the NSF's Course Content Improvement Program. Many parents were 
convinced that "their children were 'being educated by Federal civil ser- 
vants."' 446/ "In a long letter in 1961, the NSF Director -Alan Watermar. 
assured Senator Mike Mansfield of Montana that these fears were groundless": 

. [NSF] limited it's support of new high school courses to 
their development, production, and testing. Grants were *ade 
to Lies of'scholars and teachers qualified to st udy -"iculum 
needs. When a study committee produced acceptable material, NSF 



445/ U.S. Libraryof Congress. Legislative Reference Service. Legis 
latioTTealing With Science and Technology, 87th Cong.," 1st Sess. 1961. 
Compiled by Dorothy N. Bates, Analyst in American Government and Public 
Administration, Oct. 15, 1963. p. 1. 



446/ Lomask, Milton. A Minor Miracle, p. 
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allotted funds to cover the preparation of the books for publica- 
tion and the study group arranged for a number of schools to try 
out the material . . . items provided with the help of NSF funds, / 
. . , were available to 'all potential users' but the Foundation / 
always took the position that it should not promote the use of / 
such materials at the local level."' 447 / 

/ 

Effective June 8, 1962, Reorganization Plan No. II established' the Office 
of. Science and Technology (OST) within the Executive Office of t/e President. 
An area of OST's responsibility involved "assuring that good arti close rela- 
tions exist with the Nation's scientific and engineering commOnitieY'so as. 
to further in every appropriate way their ^articipat:* on in Strengthening 
science and technology i n the United States and the free w/rld." 448/ 

4. The 88th Congress 

In 1963, James R. Killian, Jr., former President . Ld at that tlnu Chair- 
man, of the Corporation of the Massachusetts Ins titute/ol: Technology (MIT), 
sta'.ed that enrollments in U.S. engineering schools hacKJeclii'ed four years 
in succession. ,t449/ It was reported in the April 2j t 1962 istme of the Wall 
Street Journal that several U.S. industries, such as" the CnneraJ. El -rcric 



447/ Ibid. 



448/ U.S. Congress. Senate. Summary of the' Three-Year Kennedy Record 
and Dige t of Major Accomplishments of the 87th Cong, and the 88th Cong, 
1st Sess., Jan. 3, 1961, to Dec. 30^ 1963. Together With a Statement by 
the Honorable Mike .Mansfield, Senate Majority Leader. Washington U.S, 
Govt. Print. Off., i964. p. 259. (88th Cong.,/ 1st Sess. Senate' ' Document 
No. 53) i 

.449/ Killian, James R. , Jr. Can Government Maintain Vital Scientific 
Leadership? A Public Service Report of the National Civil Service Learu« 
New York. p. 1. . j ' L " 
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Corporation, had been recruiting .cientist, an, engines. £ ro D other countries. 
-During the year endi„ S last June 30.'! the article reports, "a total of 3,795 
e „ glne ers and entered the U.S.... grants, coopered with 2.862 

dur lng the year e n dl ng dune 30, *£/ *" addition, Nicholas OeWitt had 

C ecently published a book « renting science and engineering education in the 
SovleC union which was said to provide evidence that the Soviet Union was out- 
producing the United States In numbers of engineer in S graduates. 451/ 

During the 88th Cong-ess. three bills were Introduced that directly re- . 
Ut'ed to U.S. science and engineering educatlon-H.R. 1012 and H.R. 1016. 
ft. National Science Ac.de., Act. to establish a National Science Center under 
-che-NSP consisting o £ "an academy and research Institutes to train selected . 
persons In science or engineering for service .ae.Fedeta! e-ployee.". and H. R . 
lW1 to establish "a l^e.ber mission on the United States Science Acade^ 
t0 L a -dy with respect to the establishment In or near the District of 
C.1-.L of a United States Science Acadea, under the Jurisdiction of the 
Secrete of Health. Education, and Welfare to offer education and training 
bey ond the baccalaureate level In the field, of the physical sciences, .sthe- 
nics, and engineering." Referred to the House Coatee on Science and 
Astronautics, no further action was take* on the bills. 
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5. The 89th Congress 

In the 89th Congress, a bill 'jimilar to H. R. 1012 and II. R. 1016 was intro- 
duced, H.R. 153, for the creation of a National Science Academy, under the NSF, 
lor the training of selected . individuals in science and engineering for Federal 
employment. Also referred to the House Committee on Scifc*ice and Astronautics, 
nc further action was taken. 

Concern about the issue was still evident in floor statements and remarks 
made by a few Members of Congress, Senator Howard W. Cannon stated, . . it 
is personal belief — and a be] Vef held" by many other people knowledgeable An~ 
the field — that our entire scientific effort in the decades ahead might well run 
aground because of an insufficient supply of trained technical personnel." * 452 / 
Senator James W. Fulbright made remarks in the Senate about an article that 
had appeared in an issue" of the Wall Street journal questioning whether there 
was really a shortage of science and engineering manpower. The article, 453 / 
printed in the Congressional RecordV . suggested that there may have been a 
surplus of such manpower at that time, at least in the defense and space 
Industries, because of the practice of "stockpiling" engineers in these 
Industries. There was a current "slump in demand for engineers" and several 
defense-oriented companies were laying off engineers. 



• 452 / Cannon, Howard W. The Nation's Scientific Manpower Policiea. Re- 
marks in the Senate. Congressional Record, v. 109, Feb. 7, 1963. p. 2055. 

453 / Malabre, Alfred L. , Jr^ " Uneasy Engineers — Many Seek to Acquire 
New Skills as Demand Softens, Layoffs Mount — Defense Cutbacks Big Factor; 
Firms Curh Stockpiling of Engineers to Cut. Costs — Rush Back to the Classroom. 
In Remarks of James W. Fulbright. Congressional Record, Daily Edition, v. 
110, Feb. 27, 1964. p. 3808-3810. 
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In flPcal year, 1964, NSF established the graduate tralneebhlp progrwa 
to provide supplementary Buoport for engineering graduate education. Engi- 
neers, it was perceived, were in need of advanced training. StatisticB 
Bhowed that "only one percent of the engineero in the United StateB [held] 
the doctoral degree and sSven percent [held] . . . master's degrees." In 
comparison, U.S. scientists were found to have a higher percentage of graduate 
degree holders— 19 percent with doctor's degrees, and 38 percent with master's 
degrees. 454 / 

Congress appropriated $102.5 million for science education programs for 
FY64; $120.4 million for FY65; $124.3 million for FY66; and $123.3 million , 
i*nFY67, all awarded during the 88th and. 89th Congresses. 

\ 

6. The 90th CongreBB 

Two billB were introduced to establish a National Science Academy (H.R. 
1185, H.R. 6894) as in the 88th and 89th CongresaeB. Referred to the House 
Committee on Science and Astronautics , no further action was taken. 

Several proposals were introduced for a National Institutional Grants 
Program. One such bill, H.R. 875, proposed by Representative George P. Miller, 
"eet forth the congressional" finding that support of scientific reBearch and 
the education of scientists are essential to the security and welfare of the 
United States." It authorized "$150 million for fiscal 1967- and each of the 
four succeeding years for allocation to institutions of higher education." 



454/- U.S. Congress. House. The National Science Foundation: A General 
Review, p. 136. 
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One-third of the funds would be allocated to auch Institutions, based on 
project awards from certain Federal agencies; one-third among the States 
according to the number of high school graduates, and utilized by the States 
to assist institutions with well-rated programs in various scientific fields; 
and one-third to higher education institutions based on the number of advanced 
degrees conferred. The National Institutional Grants Program would be adminis- 
tered by the Director of the NSF. Referred to the House Committee on Science 
and Astronautics, two days of hearings were held on June 25, and July 18, 1968. 
No further action was taken. 

7. The 91st Congress 

In the 91st Congress, H.R. 35, also introduced by Congressman Miller, 
called for a National Institutional Grants Program. Hearingp were held 
February 18-27, 1969 by the House Committee on Science and Astronautics. 
No further action occurred. H.R. 576, the National Science Academy Act, 
was again reintroduced in the 9lst Congress as in the five previous Congresses.. 
Once again, no further action was taken. 

In the Senate, Senator Claiborne Pell voiced concern about the future 
supply of trained scientific and engineering personnel when he stated that, 

. • at the present time our Nation does not have, in the education pipeline, 
enough engineers to Insure that we will possess' the needed supply of trained 
personnel for the years to come." 455 / In the House, -Representative John- 

u 

4j>5/ • Pell, Claiborne. The Expected Shortage of Engineers. Remarks "in 
the Senate. Congressional Record, Dally Edition^ v. 113, June 6, 1967. 
p. 14754. 
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Brademaa placed articles in the Cn.are^lon^R^ from the Ne^J^o^JTi^ 
and the WasMnatOiPoat announcing the result, of "a U-natlon educational 
endeavor," aponaored U y the International Project for the Evaluation of Educa- 
tion Achievement 456/ which compared student achievement In mathematics. 
XHe pr0 Ject found that U.S. schools ranked low In an International comparison 
o£ pupil-, mathematical achlevementa. School, in Japan were aald to he doing 
"the best over-all Job" In that field. U.S. students lagged hehlnd Japan and 
£our - other European countries In mathematics-England. Sweden, France.- and 
Belgium. 457/ "Although this country fared well." Mr. Brademas observed. 
•W achlevementa In this all Important fleld-the haslc building Mock of 
scientific reaearch and technological innovation-are far from what they 
might be." 458 / 

Through the NSF-aponaored teacher-training inatitutea. the quality of 
„ s science inatructlon had vastly improved, according the NSF Annual 
geport of 1969. It noted a critical need, however, ,fo, aupplemeatary training 
o£ teachera alnce the NSF-funded Courae Content Improvement Program contlnuoualy 
upgr aded aclence and mathematlca curricula used throughout the Nation. 459/ 

NSF received about a 20 percent reduction in ita total appropriation 
£or flacal year 1969. Ita education programa ,. however, received leaa than a 



456/ See the Selected Annotated Bibliography, p. 199. 

, _ <n MnrV , Teaching. In Remarka of John Brademaa 
457/ United States Ranked Low In Math Teaching in 5734-5736. 
Congrlallonal Record, Dally Edition, v. 113. March 7, 

-.56 / Ibid., p. 5734. 

459/ National Science Foundation. Nineteenth Annual Reporter thecal, 
year Ended June 30, 1969. Washington. U.S. Govt. Print % , 
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10 percent decrease — "graduate education In science, una reduced by about 13 
percent; undergraduate educntlon In science • • • increased by 27 percent"; 
and pre-aollege sclence'educatlon wao reduced by 17 percent. 460 / 

' For fiscal year 1970, Congress appropriated a total of $461.2 million for 
the NSF budget. Out of this total, $120.1 million was allotted for science . 
education programs. In fiscal year 1971, the reduced amount of $98.8 million 
was allotted for science education. 461 / 

D. REVIEW OF RECENT CONGRESSIONAL INTEREST (1971-1982) 

1. The 92nd Congress 

After the successtul mission of Apollo 11 when It landed on the moon In 
July 1969, a large nuaber of scientists nnd engineers, especially aerospace 
engineers, lost their Jobs. Budget cutbacks were evident In the areas of 
space, defense, and Industry. 462 / The effect of the mass layoffs on student 
Interest In science and engineering education seems to have been significantly 
reflected In engineering school enrollments. In fall 1968, there were 77,484 
full-time freshmen enrolled In engineering schools across the country. In 



460 / U.S. Congress. . House, a The National Science Foundation and Pre- 
College Science Education, p. 124. S' * 

461 / Ibid., p. 131, and Insert of appropriations for science education. 

462 / Hartsfleld, Jack. Gold Mine of Local Talent Just Sits. In Remarks 
of James B. Allen. Congressional Record, Dally Edition, v. 116, Aug. 21, 
1970. * 'p. -79695. 

* 
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fall 1969, the „u»bet decreased to 74.113. 1" fall 1»70 It dropped to 71,661, 
in fall 1971 there were 58,566, and by fall 1972, there were 52,100 fresh-en 
enrolled In engineering, a 29.7 percent decline within three years. 463/ 
■ similarly, full-time sophomore engineering enrollment declined 25.3 percent 
during this period, and a nine percent decrease was evident In full-time 
engineering Junior enrollment. Substantial Increases were not evident again, 
until fall 1974. 

Congress gave much attention to the unemployment of scientists and engi- 
neers as evidenced by the various legislative proposals Introduced In both 
the 92nd and 93rd Congresses to assist such Individuals. TVo bills directed ^ 
toward science education were Introduced In the 92nd Congress. These were 
„.R. 8. and 11. R- 746, for a National Institutional Grants Program, by Repre- 
sentatives George P. Miller and Don Fuqua, respectively, to authorize Federal 
funding, for fiscal year 1972 and succeeding fiscal years, to higher educa- 
tional institutions for support of academic science instruction In the United 
States. Both bills were referred to the House- Committee on Science and As- 
tronautics. No further action occurred. 

2. The 93rd Congress 

During the 93rd Congress, Representative Fuqua reintroduced a bill (H.R. 
555) for a National Institutional Grants Program, that was again referred to 
the House Committee on Science and Astronautics. No action occurred. 

^Tineerlng Manpower Commission of Engineers ^Council. ^ 
Enr^Lncs ^^^^S^ 8 ^^ Engineers W Council, 
Jan. 1979. p.. 9. 
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Senator Williao Brock proponed S. 2242, that directed "the Secretary of 
each military department to oatablinh an engineering and technology academy 
to train persons in the technical fields necessary to the military department 
concerned." Sent to the Senate Committee on Armed Services for consideration, 
no further action was taken. 

3 . The 94th Congress 

During the 94th Congreor, particular interest was arouaod regarding the 
aocial studies curriculum of an NSF pre-collego science education program on- 
titled "Man: v Course of Study" (MACOS). 464 / Congressional action was 
gonerated through the introduction of legislation, and discussion by the House 
Committee on Science and Technology (formerly the House Committee on Science 
and Astronautics) as the issue related to the 1976 NSF authorization report. 

MACOS, one of 53 curriculum projects on the pre-college level created 
and developed by NSF, was a course on human behsv ior designed for fifth 
grade students. MACOS dealt with one specific question, "What is human 
about human beings?", and two additional ones, "How did they get that way?", 
and "How csn they be made more so?" "One of its purposes is to demonstrate 



464/ See Appendix 14 for a evaluation of the MACOS program. Also, the 
MACOS program is discussed, extensively in s committee print prepare^ by CRS — 
U.S. Congress. House. Committee on Science and Technology. Subcommittee 
on Science, Resesrch, and Technology. The National Science Foundation and 
Pre-College Science Educstion: 1950-1975. Washington, U.S. Govt. Print. 
Off., 1975. p. 194-206. 
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lhBt the values cherished by ...» culture are not necessarily regarded l„ the 

BJBC llRht by >th*r.» 46V ""«"• rC ' |,, ' lrl " 1 a ' ldU1 °"" 1 "" l " lnK 

of the teachers Involved', conslated of 65 pamphlets and color films that 
focused on the lUcntyU or the NctsUlk Indiana, a cosmmnlty ut primitive 
hur>lurn In the Caiuulliu. Arctic 

• controver.y srosc, during the House debate concerning the NSr Authorization 
bill (U.K. 4723) for the "seal year 19/6 budget, over the course content of 
MACOS and the method by which U wan tnught. 666/ Two Introduced 
by Representatives John B. Con Inn and Robert B. Baumun. wore voted on. Repre- 
.entatlve Conlan's amendment stipulate that no * undo should be authorized for 
appropriation to the «f for the Implementation or marketing of couree 
curriculum program* or materials unless approved by the House Committee on 
Science and Technology and the Senate Committee on Labor and Public Welfare. 
Tbe amendment failed to pans by 215 to ,96. 667/ The Baumao amendment would 
have allowed legislator, to scrutinize all annual NSF grants that had been 
approved by the Foundation. 668/ The amendment passed the House by 212 to 
199 , 469/ but- failed Senate approval. No further discussion occurred con- 

. 

cernlng the MACOS controversy at that time. 

\ 



465/ Loraask, Milton. A Minor Miracle, p. 258- , 

1975. 9486-95L8. 

467 / Ibid., p- 9^0B. 

468/ Lomask, Milton, A Minor Miracle, p. 259. 

^9/ Authorizing Appropriations to the National Science Foundation, 
p. 95l7. 
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Senator Jesse Helms 'introduced a bill (S. 2160) similar tcfythe Bauman 
amendment that would 'have provided that M rio funds authorized to fee appropriated 
to,the National Science Foundation shall be available to' implement elementary 
-or secondary curriculum programs or materials unless such programs or materials 
have been approved by Congress." Referred to the Senate Committee on Labor • 
and Public Welfare, no further action occutr^ed . 

Other legislation related to science and' engineering education introduced . 
during the 94th Congress were H.JL 5202 by Representative Torbert MacDonald 
and S. 32 by Senator Edward Kennedy, to create a council of advisors. on Science 
and Technology in the Executive Office *of the President and to establish a con- 
tinulng science, and engineering education program through the NSF. Referred 
to the House Committee on Science and Technology and the Senate Committees on 
Labor and Pubtic Welfare; Commerc^and Aeronautical and__Space Sciences, no' 
further action wVo taken. 




A. The 95th Congress 

m ) 
During the 95th Congress, Senator Edward Kennedy introduced S. 32, the 

Continuing -Education In Science and Engineering Act, that would have mandated „ 

the NSF to create a program of continuing education for persons* with scientific 

and engineering training who have either been working in their profession for 

the. last three years or have had careers interrupted for the last three years. 

Sent to the. Senate Committee on Labor and Public Welfare for consideration, 

no further action occurred. Senator Kennedy also introduced S, 2550, authorizing 

the NSF "to malce grants to encourage the education, employment, and training 
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women in science and technology." Submitted to the Senate 'Committee on Human 

I 

Resources, no additional action was taken. 

In 1976, the NSF created a Women in Science Program to help attract and 
retrain women in scientific careers. Three pro jecta\were established to imple- • 
ment this program-Science Career Workshops that provided career-information 
and advice to women undergraduate students or those with at least a bachelor's 
degree in science and also guidance regarding further education or how to 
obtain scientific. jobs to make full use of their potential; the Science Career 
Facilitation Project. to aid the entry or reentry of women with bachelor's or 
master's degrees in science into scientific careers or into graduate science 
education programs; and the Visiting Women Scientists Program, begun in 1977, 
under which women scientists visited high schools across the Nation to promote 
interest among young people in possible scientific and technical careers. 470/ 

5. The 96th Congress - 

During the 96th Congress,' increased concern became evident regarding the 
underrepreaentation of women , Minorities , and the handicapped in scientific and 
engineering fields. Legislation was introduced (S. 568) by Senator Edward .,. 
Kennedy to create an extensive program to expand the contributions and achieve- 
nenC8 of women in scientific and technical careers. Under this legislation, 
the NSF was to make grants to encourage the education, employment, and training 



/7n/ ii S iibrarv of Congress. Congressional Research Service. Women ~ 
in Solace B Careers , IssuArief No. 80065 £ . Edith , f Co. >pe< 

May 29, 1980 (Archived, Apr. 2-1, 1982. Updated Apr. 23, 1982). Washington,^ 

1980. p. 2. ■> 
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of women In acience and technology. Hearl>!ga were held in 1979 and 1980 by 
the Senate Committee on Labor and Human Reaourcea, Subcommittee on Health and 
Scientific Reaearch, in which concerns were expreaaed for providing equal oppor 

tunltlea for women In acience. ' 

■ ■ ! 

On April 24, 1980, the subcommittee voted to aend S. 568 to the full 
committee (Senate Committee on Labor and Human Reaourcea) for conalderatlon 
with an amendment Incorporating S. 2462, which authorized approprlatlona for . v 
the NSF for fiscal yeara 1981 and 1982. On May 8, 1980, the provlalons of 
S. 2462 were Incorporated with S. 568, which later was .reported favorably 
to the Senate with a written report (S. Rept. 96-713) and an amended title, 
the National Science Foundation and Women In Science Authorization Act for 
Flacal Yeara 1981 and 1982. On June 23, 1980, the Senate paaaed S. 568 ' 
with amendmenta. On September 4, 1980, the Houae paaaed the meaaure with < 
amendmenta. The House and Senate held two conferencea to reaolve dlaagree- 
menta concerning the ~ amendmenta. Subsequently , the title of the bill was 

changed to the National Science Foundation Authorization and Science and 

\ 

Technology Equal Opportunities Ac?>jrfhlch not only Included provlalona for 
women In acience but for mlnorltlea and the handicapped In acience aa well. 
On December 2, 1980, the legislation was sent to the President, and was 
algned Into Public Law 96-516 on December 12, 1980. 

"i 

Congresa appropriated $30.0 million to NSF to carry out the apeclf lcatlons 
of Part B of P.L. 96-516 — Women, Mlnorltlea, Science and Technology, which 
atlpulates that all underrepreaented groups must be given equal opportunltlea 
to participate In acience and technology and benefit regardless of race, color, 
creed, ethnic origin, or sex. 
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The following BChedule „a B established for the Implementation of portions 
of P.L. 96-516. 

September 30, 1981: Deadline for the NSF Director to submit a report 
recommending programs to encourage 1 the full participation of minorities In- 
science and technology to t^e/en ate Committee on Labor and Human Resources 
and the House Committ.ee on Science and Technology; 

January 20, 1982: By this date, the President was directed to report 
t o Congress on a national policy for promoting equal opportunities for women 
and minorities In science, with the assistance of the NSF and Office of Science 
and Technology Policy (OSTP) Directors;- 

' January 20, 1982: DeadlioTfor the NSF Director's biennial report on 
employment ststisttcTo! women and minorities- in scientif ic and technical 
pOSittonCto be submitted to Congress, the Attorney General, the OSTP Director 
"the Equal Employment Opportunity Commission Chairman, the Office of Personnel 
Management Director, and the Secretaries of Labor, Education, and HHS; and 
1, 1983: Deadline for the President, with the assistance of 
specified Federal officials, to report to Congress suggesting a national 
policy regarding the direct and indirect impact of science and technology 
and women and minorities. 

6. The 97th Congress (H p to April 1982) 

In April 1981, during the first session of the 97th Congress, the NSF 
; Director. Ur. John Slaughter, announced that members of the Committee on 
Equal Opportunities in Science and Technology had been appointed, as suggested 
in part B, section 36 of the law, P.L. 96-516, to advise the NSF Director 

„<»* 
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regarding the Implementation of the Act "and on other policies and activities 
of the Foui Nation which are likely to result in greater participation of 
women ^n scientific, engineering, professional, and technical f ields. " Also 
reported during that month, was that the Reagan Administration had frozen 
■funding for the NSF women and minorities In science programs, pending efforts 
to have it rescinded by Congress. In addition, the Administration also proposed 
to eliminate the programs entirely In 1982, 471/ along with NSF funding for 
science education programs. 472/ 

The fiscal year 1981 NSF budget for science education programs was ori- 
ginally $85.7 million, but this was reduced by the Reagan Administration to 
$67.6 million. 473/ The amount finally enacted was §70.6 million. ,474 / The 
Supplemental Appropriations and Rescission Act, 1981, (P.L. 97-12) stipulates 
that "of the amounts remaining for science education activities under Public' 
Law 96-526 [appropriations for fiscal year 19,81 to the Department of Housing 
and Urban Development and specified independent agencies Including NSF] not 
more than (1) $15,000,000 shall be available for women and minorities In 
science and technology activities, and (2) $500,000 shall be available ^ 
science education programs related to appropriate technology.^- 



471/ Association for Women-in Science .ftewSj^et$er' ; r v. 10, no. 2, Apr./ 
May 1981. p. 3. 

472/ Ibid.-rTv^ 10,' no. 4, Aug. /Sept. 1981. p. 3. 



^ ^473/ Science and Engineering Education in NSF Budget.' In Remarks of 
-Don Fuqua. Congressional Record, Daily Edition, v. 127, July 22, 1981. 
p. E3642. 

474 / Supplied by NSF during a telephone conversation with the Congres- 
sional Research Service, on Feb. 17, 1982. 
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For fiscal year 19.2. the NSF -as appropriated «»., -iUion for science 

education, a-'i— « — f » thl8 £unctlon " alm0Bt " yea "' - 

E ..e„ti.U y . -nee a nd engineering e d ucation P.rogra-s — - 

* _i j h Li^ „Pflr fur.dina commitments tor 
10B9 "except for second and third year ruling , 
in fiscal year 1982, . except 

gradu ate feUow.Hip. awar d e d ." The NSF e* P laiue d this reduction 

by .tatin.. "M- co-pared to totei national expends for e.ucatio^ 
th6 Unlt e d St.tea. the Foundation', science a„ d en^^^-^rela- 
kvely -all. (less -than one tenthof^.percelTt of the to*l) . . . W 
nao ber of the^tlon-e^cience education goals are at leas, papally 
Bcbieve^'tn^ou^eeearch support activities."- 476/ 
^ Coring the first session of the 97th Congress, the Subcommittee on Science, 

Te chnolo gy , and.space of tHe Senate Co-ittee on Coerce. Science, and 
' porcation held a day of hearings in Albuquerque. New Mexico. 477/ Coo d ucte d 
by senator Harrison Sch.it, on the "Scientific a nd Technical Manpower Nee d e 
ot Mew Me^co." testi-o W was present. b y representatives of Fe.eral research 
lnstl tutio„.. acaWa. « private in d ustr y . Senator ScK-itt state, that the 
Hearing -oul d be "a 8 oo d starting point to evaluate how successfully our school 



— ^T^re obtained d uring a telephone conversation in Apr. 198 2 with 
a spokesman at the NSF. 

National science Foundation Budget iU £ B-ef^o the^ngress. 
FiscaTTear 1982- Washington, U.S. Govt, rrxn 

r^lrrpe on Commerce, Science, and Trana 
477/ U.S. Congress. Senate. Committee on » scientific and 

portal. Subcommittee on Cong., let Sees., 

technical Manpower Needs of Hew ^J"^™!. 198l . 69 p. 
Feb. 9, 1981- Washington, U.S. W>vt. irini 
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aystema arul^univeraitiea are training young men and women for Che acientific 

and technical fielda needed in private industry and governmental reaearch." 478/ 

In October 1981, the Houae Committee on Science and Technology held two 
daya of hearingo on "Engineering Manpower Concerns." 479 / . Witnesaea repre- 
senting academia, industry, and the Federal Government including Q the military, 
expressed their concerna regarding the condition of science, and engineering' 
education in the United Statea. The purpoae of the hearinga were twofold, 
as stated by committee chairman* Representative Don Fuqua— (1) "to broadly 
define the extent of the problem now facing us in engineering and technical - ■ 
manpower"; and (2) "to explore the alternative aolutiona — realiatic alter- 
nativea, other than aimply putting more Federal dollars into more Federal 
programs ." 480 / , 

Consequently, Repreaentative Fuqua introduced the National Engineering 
and Science Manpower Act of 1982 (H.R. 5254) that "authorizea each Federal 
agency and department to eatabiah programa for training technical and en- 
gineering peraonnel and to cooperate with State and local governmenta on ouch 
programs." it would alao create a apecial Coordinating Council on Engineering 
and Scientific Manpower within the NSF to coordinate Federal efforts in science 
and engineering education. Referred to the House Committee on Science and Tech- 
nology, two daya of hearinga were held concerning thia bill on April 27, and 29, 
.1982. 

478 / From a Newa Release by the Senate Committee on Commerce, Science, 
and Tranaportation, dated Feb. 2, 1981. 

479 / U.S. Congresa. Houae. Committee on Science and Technology. En- 
gineering Manpower Concerns. Hearinga, 97th Cong., lat Seas., Oct. 6, 7, 
1981. Waahington, U.S. Govt. Print. Off., 1981. 174 p. 
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y ■ < nf the 97th Congress, the House Committee .jon 
During the second session of the */cn, » 

Science and Technolo 8y> Subcommittee on Science, Research, and Technolo gy 
held fiscal year 1983 NSF authorization hearings- -481/ Tvo days -ere set . 
a6l de to discuss, especially, science and engineering education; plua women, 
minorities, and the handicapped in science; and scientific instrumentation. 

eliminated funding for all science education training programs. The only 

a cis million for araduate fellowships, 
funding, that NSF has requested is $15 million g 

in science education and disagreement 
Recognizing that there are problems in science 

a a X r« ire Director, 'Dr. John Slaughter, 
on how to solve them, the NSF, according to its Director, 

will "play a catalytic role, to help Identify critical needs, and . . . en- 
courage State and local governments, scientific and professional organiza- 
tions, private industry, and other Federal agencies to make appropriate con^ 
tributionsto resolving them." 482/ 

. xn January 1982, the National Science Board (NSB) , which is the policy- 

u a p t hP nsf created a Commission on Pre-College Education in 
making body of the NSF, creaiea 

«nH Technology to "examine the health and potential of. 
Mathematics, Science and Technology , 

. „ r p- e n2ineerlng education in the United 
pre-college mathematics, science and pre engineering 

a M«n« to the National Science Board and to the Nation 
States and make recommendations to the Nation 

„ ^-pp on science and Technology. Sub- 

481/ U.S. Congress. House - C °™^ °? National Science Foundation 
commit on Science Research -^^th- Cong.. 2d Seas., Feb. 23, 25, 
Authorization, Fiscal Year 1983. Hearing ,. 
Mar. 4, 1982. Unpublished. 

Foundation Authorization for FY 1983, «pr. ^, 

• ■ ' \ 
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as a whole to address identified needs," 483 / The Commission currently is 

i 

funded by $700,000 awarded in fiscal year 1982. Additional funding for fiscal 
year 1983 has not been requested. 

On March 25, 1982, the Senate Committee on Commerce, Science and Trans- 
portation held NSF authorization hearings for fiscal year 1983. Science and 
engineering education were among the topics discussed. Also, on April. 15, 1982, 
the Senate Committee on Labor and Human Resources held hearings on NSF autho- 
rizations for fiscal year 1983. Several witnesses testified concerning science 
and engineering Education concerns. 

Two bills have been introduced concerning science and engineering educa- 
tion during the 97th Congress, aecond session, at the time of this writing. 
H.R. 5742 was introduced on March 4, 1982 by Representative Ike Skelton to 
create a National Commission on Science, Engineering, and Technology Education. 
It has been referred to several House committees — Committee* on Armed Services, 
Subcommittee on Military Personnel and Compensation; Committee on Education 
and Labor, Subcommittees on Elementary, Secondary, and Vocational Education; 
on Select Education; and on Postsecondary Education. No further action has 
occurred. S. 2421, the National Engineering and Science Manpower and Education 
Act of 1982, by Senator. John Glenn, wadt introduced on April 22, 1982 to. create 
the National Coordinating Council on Technical, Engineering, and Scientific 
Manpower and, Education, and for other purposes. Referred to the Senate Com- 
mittee on Governmental Affairs, no further action has occurred at the time 
of this writing. 



483 / National Science Foundation. Justification' of. Estimates of Appror 
priations to the Congress, Fiscal Year 1983. Washington, p. SEE-V-1. 
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II. RECAPITULATION 



- Congress ha. appropriated fund, continuously to NSF in support of 
US science education activities through the Science and Engineering Educa- 
tion Directorate. 484/ Numerous bills have been introduced" rega rding 
science and engineering education over the 29-year period discussed in Part 
V of this report. Until the passage of the National Science Foundation 
Authorization and Science and Technology E q ual Opportunities Act in 1980, 
Congress had not passed any substantial legislation focused specifically 
on science and engineering education, aside fro. the NSF appropriations 
to the Science and Engineering Education Directorate, since the enactment 
of the National Defense Education Act of 1958. 

- NSF has responded to the science and engineering education problem 
over the years by providing funding for scientific training of graduate stu- 
dents through graduate fellowships; establishing summer institutes for college 
teachers, which eventually expanded to include 'secondary- and .elementary-level 
teachers; and creating its Course Content Improvement Program, its Women in 
Science Program, as well as various science education programs to assist 
Cities and the handicapped in science, and *»ny more.- Funding for NSF _ 
science education programs, however, dropped to t h«* lowest amount in almost 
2V Urs when, in fiscal year !982 NSF was appropriated ? 20.9 million for 
that 'purpose. For fiscal year 1983, no funds have been proposed by the 
Administration for a science education program at the precollege level- 
NSF has requested, however, 5 U -UU- for graduate research fellowships; 



484/ See appendix 16- 
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— Before the launching of Sputnik I, there was significant congres- 
sional concern about the state of U.S. science education. Several forms of 
legislation were introduced between the 84th Congress and the end of the first 
session of the 85th Congress, immediately prior to the launching of the Soviet 
earth satellite. No definitive action occurred; 

— Following Sputnik I, public demand was aroused for more adequate science 
education instruction. Congress reacted through the passage of the National 
Defense Education Act in September 1958, which enacted a four-year, $887 million 
program for student loans, fellowships,- and other aids to improve U.S. scienti- 
fic manpower resources, including the strengthening .of science and mathematics 
instruction and the establishment of a Science Information Service in the NSF; 
and 

— After the successful moon-landing mission of Apollo 11 in 1969, a 
large number of scientists and engineers lost their jobs, especially aero- 
space engineers. Within three years, between fall 1969 and fall 1972, en- 
gineering schools suffered a 29.7 percent decline in full-time freshmen en- 
rollments, a 25*3 percent decrease in full-time sophomore enrollments, and 

.... ) " 

a 9.0 percent decline in full-time junior enrollments. Substantial in- 
creases in engineering school enrollments did not become evident again until 
fall 1974. Since that time, as discussed in Part I of this report, under- 
graduate engineering school enrollments have continued to increase. 
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PART I: SCIENTIFIC AND TECHNICAL EDUCATION IN THE UNITED STATES AS IT 
RELATES. TO THE SUPPLY AND DEMAND OF SCIENCE AND ENGINEERING 
- ' MANPOWER 



American Electronics Association. Technical employment -projections of 
- professionals and paraprof ess ionals, 1981-1983-1985. Palo Alto, 
Calif., American Electronics Association, 1981. 197 p. 

The results of a national survey of employment projections 
of the technical workforce in the electronics industries through 
1985, conducted by the American Electronics Association. 

Babco, Eleanor L. Salaries of scientists, engineers and technicians: A 

summary of salary surveys. 10th edv Washington, Scientific Manpower 
X Commission, Nov. 1981. 140 p. \ 

I 

\ A compilation of salary information of scientists and engineers 

from various sources for the purposes of comparison and easier 
accessibility . 

Chesser, Thomas M. Foreigners snap up the hightech Jobs. The New York 
times, July 5, 1981: 13. 
«j 

U.S .-educated foreign nationals are being hired with greater 
frequency by U.S. high technology industries because fewer American 
students are seeking advanced degrees in technical fields. v 

College Entrance Examination Board. Advisory panel on the scholastic 
aptitude test score decline. On further examination. New York, 
College Entrance Examination Board, 1977. 75 p. LB2367.C63 

The 21 members of the Advisory .Panel on the Scholastic Aptitude 
Test Score Decline served "as an advisory body to the presidents of 
College Board and Educational Testing Service," and examined the 
significance of the decline in SAT scores and assisted in developing 
an understanding of it. 

Dickson,. David. U.S. graduate salaries: engineers ahead. Nature, v. 
292, Aug. 20, 1981: 663. , 

Discusses the recent growth in science and engineering degrees 
awarded at the bachelor's and first professional degree-level. 
Contends that the continued growth in engineering graduates reflect 
the comparatively high starting salaries that are being offered to 
even first degree engineering graduates by industry. 
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Engineering crunch seen tightening. Engineering news-record, v. 206, 
Apr. 30, 1981: 10-11. 

Reports that many of the Nation's engineering schools are 
restricting undergraduate enrollment because of "limited resources - 
with which Co. sustain the quality of engineering education. 

Exxon annouonces $1^-111100 for engineering education. Higher education 
daily, v. 9, Sept. 21, 1981: 5. - 
Discusses Che announcement of the Exxon Education foundation . 
which plans to contribute .$13 million in grants to help strengthen 
engineering education. . . » 

Galambos Eva C. Engineering and high technology manpower shorgates: the 
connection with mathematics. Atlanta, Georgia. Southern Regional 
Education Board, 1980. 16 p. -V 

This report discusses the "relationship between the adequacy 
of high school mathematics instruction [with] the capacity of higher 
education to meet society's <tted for skilled, high technology 
manpower . " 

He 1*0 son Stanley L. . Patricia E. Blosser, and Robert W. Howe. The^tatus" 
8 oi'pre-college science, mathematics and social, science education, 
HSS-197S. Vol. I, science education. Prepared for the National 
Science Foundation. Directorate for Science °J"f ° £ 

Program Integration. Washington, U.S. .Govt. Print. Off., 1978. 

' • This" repo- "review[s], analyze^], and summarize^] the" 

appropriate literature related to pre-college science instruction 
to science t. her education, and to needs assessment efforts, and 
Identifies. 2nds and patterns in the preparation of sconce 
• teachers, f l,g practices, curriculum materials, anc ™«£ 
assessmer. science education during the period, 1955 19/5. 

Howard Phllio 1 • tebra E. Rothstein. Input for computer workers: 

educltlona tr -ng for computer occupations. Occupational 
outlook quart rl; •-. 25, Summer 1981: 23-25. 

The authors discuss problems involved In the training of 
nuallf led computer personnel because of the comparable newness of 
the. computer field and t£e rapid changes that are occurring in 
computer technology. ✓ 

Up, up, up, and away: trends in computer occupations. 

Occupational outlook quarterly,, v. 25, Summer 1981: 3-11. 

Discusses employment in the computer occupations in regard to the 
shortage in computer manpower. The authors make projections regarding 
the future supply and demand of computer personnel- 
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Institute of Electrical and Electronics Engineers, Inc. IEEE leaders 
challenge perceived shortage of engineers; Presidential science 
advisor plans engineering education 'manifesto.* News Release, 
Nov. 30, 1931: 3 p\ 

Discusses an IEEE "Conference on Engineering Manpower Supply 
and Demand," held Nov! 16-17 , 1981, dn which data suggesting a 
shortage of engineers in the Nation were challenged by the leaders 
of the IEEE. ,!he IEEE organization has been reported as the "world's 
la rgest .. prof essioYial technical society." I ' ■ ' 

^ I 
Lowenstein, Roger. Two-edged sword: surge in engineering enrollments 

begins, to ease industry** shortages but stirs trouble at colleges. 
The Wall* street journal, Aug. 20, 1981: 52. 

The author reports that after years of a scarce supply of 
engineers, the supply is beginning to catch up with the demand 
and there should be an adequate' supply in most fields by the end of the 
" 1980s. -, 

\ v ' 

McCur<Iy, Jack. Faculty shortage perils engineering schools' growth. 
' Chronicle of higher education, v. 22, June 29, 1981: 1, 5. 

Discusses the general issue of the problems involved in engineer- 
ing education on the' university-level. Industry and education groups 
^involved in finding possible solutions, also are discussed. 

Muldoon, Richard. NSF awards $3 million to colleges and universities 

for* instruct ional scientific equipment. National Science Foundation 
news release, Sept. 17, 1981: 2 . 

Announces NSF awards for the purchase of scientific equipment 
under the Instructional Scientific Equipment Program, which is 
"designed to strengthen classroom, laboratory and field work, experi- 
ence for undergraduate students by exposing them to up-to-date lab- 
» oratory instrumentation and torrent educational technology." 

National Assessment o£ Educational Progress. Attitudes toward science: 

a. summary of results* from the 1976-77 National Assessment of science. 
Denver, Colorado, Education Commission of the. States, Oct. 1979. 
97 p. 

"As part' of its 1976-77 assessment, the National Assessment 
of Educational Progress (NAEP) investigated attitudes toward science, 
and science education*" 
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Changes in' mathematical achievement, 1973-1978: results from the 

second assessment of mathematics. Denver, Colorado, Education 
Cot-mission of the States, Aug. 1979. 31 p. 

The NAEP conducted wo surveys of the mathematics achievement 
of 9-, 13-, and,l7-year-old students. The first was conducted 
during the 1972-73 school year, and the second during the 197/ /» 
academic year. "This report describes changes in student per- 
formance between the 1973 and 1978 assessments. ^ 

- Three national assessment ':f science: changes in achievement, 

1969-77. Selected results from the third national assessment of 
science Prepared, with the National Center of Education Stat sties, 
5.S. Dept, of Health, Education, and Welfare, Education division. 
■ Denver, Colorado, Education Commission of the States, June 1978. 33 p. 

fHE NAEP conducted three assessments to determine how .-defined ^ 
groups of* American students respond -to science exercises, "ther 
than the performance level of individual students -p the first was 
conducted during the 1969-70 school year, -the second, in 1972 /J, and 
the third, during the 1976-77. school year.. This report focuses on 
changes in achievement over these periods of time. 

National Council of Teachers of Mathematics. NCTM documents shortage of 
mathematics teachers. News release, Oct. 19, l*/o. 

. .The NCTM announced that at the end of the 1977-78 school 
•year, nearly 10 percent, of the mathematics teaching positions in 
the Nation were vacant. « 

National Research Council. Commission on Human s'ldy'of ' tn"e 

non-specialists: the college years. Committee for a Scudy ot the 
Federal Role in the College Science Education ^' ^"-^^i'"- 
.Report to the National Science Foundation- Washington, National 
Academy Press, 1981. 158 ,JP' 

. The authors • examined^ state of undergraduate science education 
for those «h 'non-specialists' in science, and concluded that we are 

presently confronted by an educational problem of national proportions. 

The 8C ate of school science: a review of the teaching of 'mathematics, 

Ic ence and social studies in American schools, ^d recommends t s 
for improvements. Commission on Human Resources. Panel on School 
Science. Washington, June 1979. 83 p* 

The authors "considered the current needs for improving 
me dULnurs mat-hemAtics" and made several recommendations, 

education in science and mathematics auu u»ue 
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Commission on Human Resources. Summary Report i960; Doctorate 

recipients from United States universities. Washington, National 
Academy Press, 1981. 42 p. 

This report, which is published annually, "presents a brief 
summary- of data gathered from the Survey of Earned Doctorates 
gyring the academic year 1979-1980." 

National Science Foundation. Supply and Education Analysis Group, 

Division of Science Resource Studies. Engineering colleges report 
10% of faculty positions' vacant in fall 1980. .Science Resources 
Studies: highlights, Nov. 2, 1981. V p. 

This report presents the results of a survey conducted by 
the American Council on Education during fa.ll 198Q of 181 
engineering colleges that are part of the Higher Education Panel 
that is composed of 760 postsecondary institutions in the Nation. 

— : Situation report — selected Federal agencies' budgets. Report 

to Dr. M. Kent Wilson, Director 0PRM. [By] Syl iicNIncy, Jr., 
Executive Assistant for Budget Policy, Washington, June 22, 1981, 
updated, July 6, 1981. 13 p., .with attachments. 

' This report discusses the research and development funding 
positions of the Departments of Defense, Commerce, Interior,, Energy, 
Agriculture, NASA, and the National Institutes of Health. Included 
are discussions regarding science and engineering education as It 
relates to the appropriate agency. 

National Science Foundation and Dept. of Education. Science and 

engineering education for the 1980's and beyond. Washington, 
U.S. Govt. Print. Off., Oct. 1980. 82 p. 

This report analyzes "a number of Important and difficult 
Issues facing the Nation' s. science and engineering education 
systems . " . 

One ^enth of engineering faculty slots vacant. Chemical and engineering 
news, v. 59, Nov. 30, 1981: 30. 

Discusses the NSF survey, conducted by the American Council on 
Education which concluded that, "most engineering deans [questioned,] 
think the cijidf factor In creating the shortage of engineering ^ 
faculty Is the decreased number of new doctoral engineers being 
gr-adua ted -each -yea r— in-- the-UrS^"- ~ —- « ; 

Opel, John R« Education, science, and national economic competitiveness. 
Science, v. 217, Sept. 17, 1982.: 1116-1117. 

This article is based on a speech delivered by the author at 
the 37tb annual meeting of the board of , trustees -of the Midwest . m 
Research Institute on May 11, 1982. The author provides an over- 
view of the problems facing the country In science, mathematics, 
engineering education, and manpower, and what effect they-may have 
in the future on the Nation's ability to compete Internationally 
with other countries * 
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Peer, Elizabeth, and Lucy Howard. Help wanted: engineers, 
v. 96 Nov. 17, 1980: 87. 



Newsweek , 



Discusses the increased undergraduate engineering school 
enrollments, some of the reasons for the influx of students, and 
problems that have been detected, as a result. 

Perry Tekla S. Engineering education: coping with the crisis- IEEE 
'spectrum, v. 18, Nov. 1981: 65-72. 

Various leaders from , the Federal Government, industry, and 
- r ' acadenda,' met to discuss the problems involved in the science and 
engineering education issue, and made several recommendations for 
- possible solutions. ■ 

^Snhold, Robert. View from the lab: prospects are glum for engineers- 
The New York times, Dec. 23; 1980: CI, C2. 

Discusses the outdated university engineering laboratory 
equipment. 

Samuelaon, Robert J. Engineering enigma. National journal, v. 13, 
Dec. 12, 1981: 2206. 

Diacuasea the recent growth in engineering s'chool enrollments, 
what it meana for universities, various Industries, and the Nation- 

Stake, Robert, and Jack Easley , Jr. Case studies In science education: 
design" overview and general findings, Vol. II. -Center for 
Instructional Reaearc* and Curriculum Evaluation and Committee on 
toll™, and Cognition, University of Ullnbls at 'Urbana-Champalgn. 
' Prepared for the National Science Foundation. 

Science Education. Office of Program Integration. Washington 
U.S. Uovt. Print. Off., Jan. 1978. Various paginations. 

This report reviews case studies In science education coll.ct.d 
from "field observations of science teaching and learning In American 
public schools during the school year 1976-77. 
Case studies In science education. Executive summary of chapter 19. 

Thence Education! VV^^X^^^ 
tics and social studies educational practices In U.S. schools: 
an oversew and summaries of three studies. Washington, U.S. , 
Govt. Print. Off., July 1978. pp. 19:1-19:72. 
- - ■ A summary of chapter 19, "Knowing and Responding to the Needs 
of Science Education," of the Stake and Easley report which P"""" 

«n!i4° fr« " udies ° £ sclence education ' p 0881 " 6 

f or the NSF Science Education Directorate, and atrengtha, problems, 
as well as "non-problems" of science education. 
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Suydam, Marilyn N. , and Alan Qsborne. The status of pre-college science, 
mathematics, and social science education, 1955-1973. Vol. II, 
mathematics education. Prepared for the National Science Foundation, 
Directorate for Science Education, Office of< Integration. Washington, 
U.S. Govt. Print. Off., 1977. 289 p. 

This report Is a "study of the state of mathematics education 
in the schools with the past used as a backdrop of evidence about 
causes and effects of public educational policy formation." 

Technical Illiteracy threatens U.S. science. Science news, v. 118, 
Nov. 1, 1980: 276.. 

Discusses the findings of the NSF and Department of Education 
report, Science and engineering education for the 1980*8 and 
ley_ond. 

U.S. Congress. House. Committee on Science and Technology. Engineering 

manpower concerns. Hearings, 97th Congress, 1st session. Washington, 
U.S. Govt. Print. Off., 1981. 174 p. 

Two days of hearings were held on Oct. 6-7, 1981 to "broadly 
define the extent of the problem now facing [the Nation] In engineering 
and technical manpower. . . ", and to ". . . explore the alternative 
solutions — realistic alternatives, other than. simply putting more 
Federal dollars Into more Federal programs. *' 

Vetter, Betty, and Eleanor Babco. Professional women and minorities: 

manpower data resources service. Washington, Scientific Manpower 
Commission, Feb. 1981. 272 p> 

Statistical tables of over 200 published and previously 
unpublished data reporting the participation and availability of 
women and minorltlea In professional areas which includes the 
general professions and workforce, academic workforce, various 
scientific fields, arts, humanities, education, and economics 
which usually require formal education to at least the bachelor's 
degree level. 

Walsh, Efthaila, and John. Crisis In. the science classroom. Science 80, 
v. 1, Sept. /Oct. 1980: 17-2 2. \ 

\ 

Discusses the state of science, and engineering education In 
U.S. schools and compares It with similar education In the Soviet 
Union. ' \ 



Wanted: "U.S. -born graduate students. Chemlcal\week, v. 128, June 24, 
1981: 44-46. 
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Discusses the increase of foreign national engineering 8J adu " e 
students.and degree recipients, and the growing decline of such U.S.- 
born individuals. This is causing a growing dependence of U.S. 
industries and universities on non-U. S. citizens in the field of 
engineering. 

Weis~s Iris R. Report of the 1977 National survey of science mathematics, 
all social studies education. Prepared for the National Science 
Foundation. Research Triangle Park, ^"VSJr "ifif S "nS 
Educational Research and Evaluation- March 1978. 166 p. and 
appendices. ' 

Reviews the findings of a survey taken in several school 
districts across the Nation, of school superintendents, ° c J e "«' 
mathematics and social studies supervisors, Principals, and teachers 
™g«dlng Bcience and mathematics instruction from kindergarten 
through the 12th grade. 
WiUenbrock, F« Karl, and Cecil H. Green. United States^ Technological 
Preeminence^ Science, v. 213, Sept. 18, 1981: 1319. . 

' Discusses the challenge that Japan and the Soviet Union- 
are giving the United States in maintaining its world leadership 
in technology. Authors provide suggestions that they feel will 
help the Nation meet the challenge. 

Uolfle Dael. Public policy decisionmaking and scientific literacy. 

Prepared for the National Science Foundation. July 1979, revised 
Dec 1979. Papers commissioned as inputs to Second Annual Science 
and Technology Report (ASTR) . Vol. VI, Public policy decision 
making and science literacy: information needs for science and 
^chntlogy. Washington, U.S. Dept. of Commerce, National Technical 
Information Service, 1980. 33 p. 

The author discusses the scientific literacy of the general 
U.S. public and what .effect the improvement of such literacy could 
have on the quality of Government decisionmaking. • t » 

Young, Leo. Science- and engineering. Science, v. 209, Sept,. 26, 1980: 
1475. ,v 

The author examines what he determines to be the Seed 
a national commitment to closer ties between science and engineering 
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PART Hi SCIENTIFIC AND TECHNICAL EDUCATION IN JAPAN, THE SOVIET UNION, 
AND WEST GERMANY 

Aileo, Catherine. P. , and Francis W. Ruahio^. The science race: training 
and utilization of acientista and engineers, U.S. and U.S.S.R. 
Strategic Studiea Center. SRI International. New York, Crane, 
Ruasak and ( Co., Inc., 1982. 254 p. , 

"Thia book reporta on an extenaive comparative atudy of the 
training and utilization of acientiata and engineera in the United 
Statea and the Soviet Union." 

Anderaon, Ronald S. Education in Japan: A century of modern development. 
-U.S. Dept. of Utealth, Education, and Welfare, Office of 
Education. Washington, U.S. Govt. Print. Off., 1975. 421 p. 

Thia book ia a reviaion of a previous work publiahed in I960 
by the same atfthor entitled, Japan: three epochs of modern education . 
Thia new atudy "focuses upon the contemporary iaauea in Japaneae 
education seen in the perapective of the last 100 years of educational 
development > M 

Davia, Robert B., Thomaa A. Rombert, Sidney Tachlin, and Mary G. Kantowski. 
An analysis of mathematics education in the Union of Soviet Socialist 
Republics. Columbus, Ohio, Clearinghouse for Science, Mathematics 
and Environmental Education, The Ohio State University College of 
Education, Dec. 1979. 178 p. . * 

This book provide a a report on the current status of mathematics 
education in the Soviet Union. 

DeWitt, Nicholas. The current atatua and determinants of science education 
in Soviet secondary schools. Summary findings. Prepared for the 
Commission on Human Reaourcea, National Academy of Sciencea, .National 
Reaearch Council. April 1980. 12 p. 

Thin atudy providea a summary of the' atatua of mathematica 
education in the Soviet Union on the secondary level from 1978 to 
1980. 

The educational -system in the Federal Republic of Germany. Prepared by the 

Secretariat of the Standing Conference of Ministers of Education of the 
States of ''the Federal Republic of Germany in cooperation with the 
Federal Ministry for Education and Science and the Conference of Weat 
German University Rectora. New York, College Entrance Examination 
Board, 1979. 147 p. ' , 

Preaenta a deacription of the West German educational-ayatera. 
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Engineering our future. Report of the Committee of Inquiry Into the 
081 Engineering Profession. Sir Montague Fln„i B ton. chairman. London, 
Her Majesty's Stationery Office, Jan. 1980. 258 p. 

Referred to as the FlnnlBton report, this study examines the 
engineering profession, supply and demand, engineering education, and 
thf"™t and future outlook of engineering education, gaining, and 
emplWt of engineers In the United Kingdom. In the appendices, 
the engineering profession, and education of various other countries 
Including the United States are discussed. 

' Kirst, Michael W. Japanese education: its implications for economic 

competition in the 1980s. Phi Delta Kappan, v. 62, June 1981. 707 
708. 

The author has found that "Japanese schools are better 
equipped than their U.S. counterparts to prepare the workers 
of the future." He, however, cautions that Japan's success 
has been purchased at a high price. 

On mathematics in the U.S.S.R.: A conversation with I»-k Wirszup. 
Educational leadership, v. 38, Feb. 1981: 361-362. 

i In a conversation with the editor of this journal, Izaak 

#1 Wirszup a University of Chicago Mathematics Professor who has 
' / studied' Soviet mathematical education extensively, explains why 
> he believes science and mathematics programs in the U.S. must be 
improved." 

Science and International Affairs Bureau/ Outline of education in Japan. 
Japan, Ministry of Education, Science and Culture (MONBUSH0), W/*. 
60 p. 

Discusses the Japanese education system including administra- 
tion, finance, and recent major education reforms of the system- 

Statistical Handbook of Japan. Tokyo, Japan, Bureau of Statistics, 
Office of the Prime. Minister, 1978. 154 p.. 

This statistical handbook provides " a descriptive text, . 
tables charts and photographs . . . [used] to portray the actual 
conditions of modern Japan, covering political, economic, social 
and cultural fields." 

Thier, Herbert D. In-service training of ^"^^^"r 

teachers: a United States-Japan seminar. Science education, . 
v. 60, Oct. /Dec. 1976: 551-558. 
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In-service training of elementary school science teachers 
was the topic of discussion at a Joint science seminar between 
the United States and Japan, held Oct. 13-17, 1975 in 'Kyoto 
and Tokyo, Japan. The seminar was sponsored by the Japan 
Society for Promotion of Science (JSPS) and the U.S. National 
Science Foundation. 

Trimble, Jeff. Russia's new challenge to U.S. — in the classroom. U.S. 
News and World Report, v. 89, July 28, 1980: 50. 

The author discusses the belief that the Soviet Union Is challeng- 
ing the United States for scientific superiority. 

United Nations Educational Scientific and Cultural Organization. 

Statistical yearbook, 1978-79. Paris, France, UNESCO, 1980. 1266 p. 

Presents data from roemher states of the United Nations frith 
, Information on regulations and statistics relating to the various 
countries "educational, scientific and cultural life and activities." 

Vogel, Ezra F. Japan as number one: lessons for America. Cambridge, 

Massachusetts, Harvard. Univers ity Press, 1979. 272 p. HN723.5.V63 

The author states that the purpose of this book is to "describe 
■ selected aspects of the Japanese national system that' are so effective 
that they contain lessons for America. 

von Dohnanyi, Klaus. Education and youth employment in the Federal 

Republic of Germany. Carnegie Council on Policy Studies in Higher ' 
Education. Berkeley, California, The Carnegie Foundation for the 
Advancement of Teaching, 1978. l02 p. 

"This is one of seven publications presenting studies 
commissioned by the Carnegie Council on Policy Studies in Higher 
Education as a means of providing a global perspective for education 
and youth employment in contemporary societies." 

Wirszup, Izaak. The Soviet challenge. Educational leadership, v. 38, 
. Feb. 1981: 358-360.- 

Discusses science and mathematics education in they Soviet Union 
and in the United States. The author warns that "... . the recent Soviet 
educational mobilization • • • poses a formidable challenge to the national 
security of the United States. ..." 
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PART IH: ^POTENTIAL DIRECTIONS FOR SCIENCE AND TECHNOLOGY MANPOWER 

Graham, Jim, LTC. The engineering shortage ~ a Clonal problem. Long 
Range Planning'. Washington, U.S. Air Force. 

Discusses the current and future projections of supply and 
demand of science and engineering manpower in the Nation and the 
Implications for the U.S. Air Force. 
Scientific, Engineering, Technical Manpower Comments, v. 18, nos. 2 and 
3, March and April 1981. 

Continuously updated publication prepared by the Scientific 
Manpower Commi8 8 ion that provides current information regarding 
ocientific and technological concerns of the Nation. 



PART' IV: THE SUPPLY OF DEPARTMENT OF DEFENSE SCIENTISTS AND ENGINEERS IN 
THE UNITED STATES 

v » i uiw ThnmAs T. USAF. The engineer shortage: an analysis. 
U lieeu ive su^ry! ' Report no. 1365-81. Washington, 198!. 4! P- 
. , EX The author assesses "the current and projected shortage 

of engineers in the U.S. Air Force Officer Corps and analyze 

potential solutions to ameliorste the shortsge. 

J^act on DOD, and the role of the defense in the national 
arena. White paper report. Washington, 1981. 5 p. 

Summarizes the issue of supply snd demand of °^ ent ( 1£ J; C r /"^ 
. engineering manpower in the United Ststes. Reviews the impsct on 
the Depsrtment of Defense- 

II s Library of Congress. Congressional Resesrch Service. Engineering 
" ,S - l L b s sTrvey of thl notional problem snd the problem . in the 

Department of Defense. By Psul Zinsmeister. Dec. 21, 1981. 
Washington, 1981. 19 p. 

" Surveys the current situation of the perceived shortsge of 
' science and'engineering manpower at the national level and within 
the Department of Defense. 
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PART V; A HISTORY OF CONGRESSIONAL CONCERN AND SOME ACTIONS TAKEN BY THE \ 
NATIONAL SCIENCE FOUNDATION RELATED TO SCIENCE AND ENGINEERING 
EDUCATION 

Anderson, JClinton P. Remarks in the House. .. Congressional record [daily 
ed. J v. 101, July 11, 1955; 10151-10152. 

Remarks in the House of Clinton P» Anderson regarding the loss of 
high school science teachers to industry because of higher salaries, that 
waa evident in 1955, and the effect on science instruction at the high 
school level. 

Bates, Dorothy M. Analysis of legislation related to improvement of 
scientific study, teaching, and progress in the United States: 
79th Congress to the 85th Congress, 1st session, 1945-1957. In 
U.S. Congress. Senate. Committee on Government Operations. 
Science and Technology Act of 1958. Washington, U.S. Govt. Print. 
Off., 1958. pp. 152-177. (85th Congress, 2d session. Senate, 
document no. 90) 

An analysis of proposed legislation "that dealt with the overall 
reorganization of governmental scientific activitiea, the training of 
scientists and engineers in particular, and aid to higher education in 
general" for each session of Congress beginning with the 79th 
Congress, 1st session through the 85th Congress, 1st session. 

Cannon, Howard W. The nation's scientific manpower policies. Remarks in 
the Senate. Congressional record [daily ed.] v. 109, Feb. 7, 1963: 
2055-2056. 



During remarks in the Senate, the Senator expressed his 
concern that nothing concrete had been done at that time to combat 
the problem of > a shortage of engineers and scientists in the Nation. 



DcWitt, Nicholas. Professional and scientific personnel in the U.S.S.R. 
Science, v. 120, July 2, 1954: 1-4. 

Summarizes findings from a study-, The Soviet professional labor 
force, 1928-1953 , that revealed information about Soviet professional 
and scientific manpower problems during that time period. 

Engineering Manpower Commission. Engineers Joint Council. Engineering 
and technology enrollments, fall 1978. Part I, enrollments by 
schools, enrollments by curriculum for all students. New .York, 
Engineers Joint Council, Jan. 1979. 189 p. 

A compilation of statistical data fdr all students enrolled 
in engineering technology programs by curricula and school, covering 
276 engineering schools across the Nation. This information is 
updated for the fall of each school year. 
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llartaficld, Jack. Gold mine of local talent juet sits. In Remarks of 

James B • Allen. Congressional record [daily cd.] v. 116, Aug. Zl, 
1970: 29694-29696. 

' An article taken from the Huntsville (Alabama) Times discussing 
impending layoff of acientists and engineers who were involved In 
the space program. 

,Husen, Toiaten, ed. International study of achievement in mathematics: 
'a comparison of twelve countries. Vol II. New York, John Wiley 
and sons, 1967. 368 p. 

Reports findings of a 12 r nation educational endeavor to 
comparrstudent-achicvcment in' mathematics. U.S. pupils were found 
, * to rank low in mathematical" achievement compared with students from 
Japan, England, France, Sweden, and Belgium. 

KellJ, Harr^ C Trends in supply of scientists and engineers in the 
United States.- Science, v. 1*0, July 2, 1954 : 5A. 

Discussea the number of science and engineering students 
enrolled in U.S. colleges and universities, the number of sci- 
entists and engineers .employed in the labor force, and notes 
that slightly less than 0.5 percent of the U.S. total population 
were scientists and engineers, at that time. Also compared 
similar statistics of the Soviet Union, and observed that . 
Che Soviets placed greater emphasis on training in science 
and technology. 

Killian James R. Jr. Can Government maintain vital scientific leadership? 
TpubHc service report of the National Civil Service League, New 
York, 1963. 16 p. 

' Discusses the problem of 'the Federal Government, as well as 

the Nation's, of keeping adequate numbers of scientists and engineers 
in order "to keep pace with the growing size of . . • national 
commitments in science and technology." 

Lack of scientists, is called critical: 2d report of US. Foundation says 
Russia is outdistancing us in engineering graduates- New. York 
times, Jan. 17, 1953. 

Discusses findings from the second annual report of the NSF 
that found that there was a shortage of sclent "f^eri 
the Nation and predicted that Russia would graduate more engineers 
than the United States. 

Lomask, Milton- A minor miracle: an informal history of the National 

Science Foundation. Washington, U.S. Govt. Print. Off., 1976. NSF 
76-18. 285 p. 

■ ■ "This account of the first 25 years of the National Science 

^ndaaw~i S -a- 8 ^e-ctive-one . • Uhat] ""^""f"^ 1 ^' and 

developments chosen from a large number of possibilities in •» 
effort to convey to the general reader the flavor of }■ unique public 
institution* 
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MacDougall, A. Kent. Recruiting aborad: U.S. concerns stop up overscan 
search for scientists, engineers. Wall utreet Journal, Apr. 23, 
1962:. 1, 6. / 

# 

Discusses efforts to recruit scientists and engineers In other 
countries by an Increasing number of U.S. Industries because of a 
lack of such personnel In the United States. 

Malabrc, Alfred- L. , Jr. Uneasy engineers — many seek to acquire new 
skills as demand softens, layoffs mount — defense cutbacks big 
factor; firms curb stockpiling of engineers to cut costs — rush 
back to the classroom. In remarks of James W. Fulbrlght. 
Congressional record [dally ed;] v. 110, Fob. 27, 1964: 3808-3810. 

The article ciggests that there may have been a surplus- of 
engineers, at that time, at least In the defense and space Industries. 
There was apparently "a current slump In demand for engineers • • • 
[resulting] primarily from uncertainty about future spending on 
defense and space programs." 

4 

Pell, Claiborne. The expected shortage of engineers. Remarks* in the 
Senate. Congressional record [daily ed. ] v. 113, June 6, 1967: 
14754-14755. 

Emphasizes that the Nation did not have adequate numbers of 
engineers to Insure that it. would have the necessary supply of 
such trained manpower in years to come. 

Price, Melvln. Meeting the need for scientific manpower 1 — an intelligent 
approach to the problem. Remarks in the House. Congressional record 
[daily ed.] v. 104, Feb. 3, 1958: 1572-1574. 

Discusses the shortage of science and engineering manpowel?V 
the threat of the Soviet Union as a Result of the launching of 
SputnXR I , previous hearings held prior to Sputnik that acknowledged 
concerns about the Soviet scientific and technical manpower and 
abilities, and proposes means by which high school science and 
mathematics teachers can improve the quality of instruction in 
these subject areas. 

United States ranked low in math teaching. In remarks of John Brademas. 

Congressional record [dally ed.] v. 113, March 7, 1967: 5734-5736. 

Several- articles were placed in the record by Mr. Brademas who 
reported on the outcome^ of an international comparison of student- 
achievement in mathematics in which U.S. students lagged behind five' 
other nations, including Japan. 1 * 

U.S. Congress. House. Committee on Science and Astronautics* Subcommittee 
on Science, Research, and Development. The National Science 
Foundation: A general review of its first 15 years. Report prepared 
by the Science Policy Research Division, Legislative Reference 
Service, Library of Congress, 89th Congress, 2d session. Washington, 
U.S. Govt. Print. Off., 1966. 286 p. 
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H general review of the firnt 15 yeara of the National Science 
Foundation, 1950 to 1965. "Included la M diBcuaaion of basic re- 
Bcarch project granta, national rcBcarch programa, support of 
reBearch facilitiea, Bcience education and inatitutiona programa 
Bcience information Borvicoa, and aupport of ncienco policy planning. 

Committee on Science and Technology. Subcommittee on Science 
ReBearch and Technology. The National Science foundation and Pre 
college science education: 1950-1975. Waohington, U.S. Govt. Print.. 
Off. , 1975. 297 p. 

"This atudy examinuB the situatlona and cvento which led the 
National Science Foundation into an involvement with educational 
activities and with the teaching of Bcience at the pre-collcgo 
level, -and which have shaped the Foundation^ educational programa 
at the pr«~college level over the paat 25 ycaro." 
y ( > 

- National Science Foundation authorizations for fiscal year 1983. 
Hearing..; ,9 7th Congc.oaa, 2d aoaalon, Fob. 23, 25, March 4, 1982. 
Unpublished. ' ' 

■ Two 1 days of the three day hoarlnga dealt apcclflcally with 
aclance and engineering education, women, mlnorltlea, and «>c 
handicapped in aclence, and aclentlflc Ina trumontatlon. Of special 
concern was the fact that for fiscal 1983, the NSF haa not proponed ( 
funding for aclenne education programs. 

Senate. Committee on Commerce, Science, and Tranaportatlon. • 
Subcommittee on Science, Technology, and Space. 

' Leglalatlve record, digest of achievements and^statua of presi- 
dential recommends tlona,\86th Congress, lat session, January 
to September 15, 1959. Five-year review of the democratic ""«oll.« 
84th, 85th, and 86th Congresses [by the Honorable Lyndon B . Johnaon, 
Senate Majority Leader) .Waahlngton, U.S. Govt .. Print .Of £., 1959 . 
(86th Congress, 1st session. Senate. Document no. 63) 15V p- 

A summary of congressional achievements- from January 1955 to 
the end' of the 86th Congress, lat session, Jan. 1959. During his 
period, Congress passed the National Defense Education Act of 1958. 

- National Silence Foundation authorization. Hearings 97th Xogr.S... 
2d session. Washington , U .S . Govt . Print . Of f. , 1982 . 67 p. 

A da/ of hearings wae held on Mar- 25, 1982 to discus,, "seal 
year 1983 authorizations for the National Science Foundation. Science 
and technology education and manpdwer issues were discussed. 



. 

v ■ . , 



Scientific and technical manpower needs of New Mexico. Hearings, ^th 
Congress, 1st session. Peb. 9, 19JB1. Washington, U.S. "Govt. Print. 'Off 
1981. 69 p. ' ; 

A day of hearings was held in Albuquerque., New Mexico as M a 
starting point to evaluate how successfully . . « [the Nation's] 
school systems and universities are training young men and women 
for the scientific and technical field's needed in prlv&te industry 
<and governmental research." ' 

t ■>. * 

Summary of the three-year Kennedy record and digest of major 
accomplishments of the eighty-seventh Congress and the eighty-eighth 
Congress, first session, January 3, 1961, to December 30, 1963. 
Together with a statement by the Honorabla Mike Mansfield, Senate 
Majority Leader. Washington, U.S. Govt. Print... Off., 1964.* 303p. "* 
88th Congress, 1st session. Senate. Document no. 53)^ 

% • '• , . 

. . As a result of the assassination 6£ President John P. Kennedy 
in November 1963,' this analysis of congressional achievements was 
enlarged to include the three-year record of the Kennedy administration 
In* 1962, the Office of Science andVXechnology was established within 
the Executive/Of f ice of the President. Among-other duties,; the OST 
staff waa charged to keep a close relationship with the science and 
engineering community in order to further its participation in 
strengthening the nation's science and technology and that of the 
free world. l>:> , ■ 

* 

Library of Congress^ Congressional Research Service. Women in 
science and technology careers: background analysis and legislative 
concerns. By Edi th Fairman Cooper . Apr. '25, 1980. Washington, 1980. 

85 p. ■ ; , , 

Women scientists, especially with doctorate degrees, constitute 
a very smail proportion of all scientists in the science and 
technology professions and are relatively a large base of untapped 
talent for science and technology fields. This report provides'a 
background discussion about this issue. ; 

- Women , in science and technology careers. Issu'e brief no. 80065, 
by Edith *F. Cooper. May 29, 1980. (Archived Apr. 21, 1981).. 
Washington, ; ^980. 8 p, ' ■ V 

Provides an overview of the- issue concerning the participation 
of women in scientific and technological careers- 

■ . : ! ■ * " * 

r Legislative Reference Service. Legislation dealing witH science 
and technology, 85th Congress, 2d session,, 1958. Compiled by, 
Dorothy M. Bates, 1 "" Analyst in Ame'rican Government *and Public »" 
Administration, Oct. 15, 1963. 5 p. 

, * vThis is a compilation of legislation dealing with science* and 
technology that was enacted during the second session of the 85th , 
Congress which* began three months after Sputnik I was* Launched. 
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Vena, Grant. Man, education, and work: poatsecondary vocational and 
technical education. Washington, American Council on Education, 
1964. 184 p. ' LC1043.V4 

"It ia the thesis this report that technology has created 
a new relationship between nan, hia education, and hia work, in 
which education is placed squarely between man and hia work." The 
author contenda that "unless far more and far better education on 
the seniprof essional, technical, and skilled levels Is soon made 
.available to greater number a of citizens, the national economy and 
social structure will suffer irreparable damage 

Waterman, Alan T. Statement of Alan T. Waterman, Director, National 

Science Foundation, before the Subcommittee on Independent Offices, 
Senate Appropriations Committee, Apr. 24, 1953. In remarks of B. 
"Alexander Smith. Congressional record, [daily ed.J v. 100, May. 5, 
1953: 4438-4440. ; 

During hia statement before the Senate Appropriation's 
Subcommittee, Dr. Waterman explained that the NSF was providing 
financial assistnace for the traiaing of scientists and engineers 
to help esse the shortage of such personnel evident in the Nation 
at that time. 
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'APPENDIX la 



PERCENT OF STATES REQUIRING LESS* THAN 1 YEAR, 1 YEAR, AND MORE THAN 1 YEAR OF 
. » EACH SUBJECT IN GRADES 9 THROUGH 12 FOR HIGH SC/iOOL GRADUATION, * ; " 

BY REGION AND SIZE OF STATE 
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SOURCE: Uetss, Irl« R. Report of the 19)7 

National Survey of Science, Hathetastlce, 
and Social Studies Education, p. 24. , 
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1/ Region; 

Northeast l CT, HE, HA, NB, NJ, 

NY, PA, RI, VT 
South I At, AR, DE, DC, FL, 
GA,,KY, LA, HD, MS, 
, NC, OK, SC, TN, TX, ■ 
VA, W 

■•" North Central! IL, IN, IA, KS, Ml, 
HN, HO, NB, ND, OH, 
SD, WI 

Vest ' 1 AX, AZ, CA, CO, HI, 
ID, HT.'NV, NH, OR, 
UT, HA, VY / 

ft ' • 
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AVERAGE NUMBER OF MINUTES PER DAT SPENT XN ELEMENTARY SCHOOL 
MATHEMATICS, SCIENCE, AND SOCIAL STUDIES LESSONS, 
BY GRADE RANGE U 








* Subject 








Mathematics 


Science 


Social Studies 


Grade Range 




Standard 
Minutes' . Error 


Standard 
Minutes Error 


Standard 
iinutss Error 




(N-801) 




38 2.53 


19 4.12 


22 1.84 


4-6 


CN-805) 




44 2.09 ' 


35 1.73 


40 4.62 


1/ 


Classes la which ths most recent lesson was not on the last day school 

was In sassion vera Assigned zeros for number of mtnutia spent in the lesion. 



SOURCE: Weiss, Iris R. Report of the 1977 National Survey of 

Science, Mathematics, and Social Studies Education, p. 50. 
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—Prescribed subjects and cUss hour* ■ per wtsk for slsrosnUnf schools: 



Arithmetic . 



Am a«d ertfta— 



Norn 
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« 



SI 

7 



SI 
7 
4 
• 
4 
2 
2 
2 
J 



i a "c»»« hour" It 45 mlmrtBfc 
Jf/ICTo*^ <SowniT»nt rrtf»Un« Burtiu. 1971). P. S». 



SOURCE: 



AndersOi 
taent, p. 114 



n , Ronald S. . Education tn Japan: A Century of Modem Develop- 
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APPENDIX 3 



TABLE 1 — Sample [of Japanese] Senior High School General Program, 
College Preparatory Course; 



T ABLE 2 — Samp.\e_ [_Of^ap_ajLesel^SenlQr^Hlgh^.School-.General -Program. - 
Terminal Course; 



TABLE 3 — Sample [of Japanese] Senior High School Vocational Program, 
Industrial Arts (Mechanical Specialty); - 



TABLE 4 — Sample [of Japanese] Senior High School Vocational' Program, - 
Business. 



SOURCE: Anderson, Ronald S. Education in Japan, p. 150-153. 
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APPENDIX k 



TABLE 5 
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SOURCE; AilM, Catherine P< andj&cli V. Hushing* -The Science Race: Training «nd 
j?r Utilization of Scientists and Engineers, U.S. and O.S.S.R., p. 66. 
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APPENDIX'S 
TABLE 6 

O.S. AW D.S.S.8. EDUCATIONAL ATT A INVERT OT THK WrUTIOHi 



P.3.' 

CoIUm. 4 Tiara or rtor* 
HlRh School. 4 Taara or rtor* 
TUxh Crado. or rtora 
lata than 5 Taara or School 

fWtait Unl 
V.S.S.U. * 
HUhor 
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!«»*o|ar.o Sacondary 
Primary and Lata 

rWla* Laval 

* D*ta for paraona 23 yaara of «• or oldar. 
D*ta for »«mo*« U years of a«a or oldar. 

Sourcaa: Statlitlc.l Abatratt of t h« tfaitad ittt.i. 1978 . p . Uj. 

UX3A; Tr»wd» and fr r>»pt>rt .■ In Educational Attain—nt. 19S9-B S 
national roralgo A..««««., t Cancar, £879-103**, p.I. 23 (Juo. 1919) 
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SOURCE: Ailea, Catherine p. and Francis V. 



Rushing. The Science Race, p. 15, 
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APPENDIX. 6 • TABLE 7 — Science and Engineering ^R" 8 * 

Awarded *n West Germany, 1978-7 9. 

14.8 Prfifu'nftn an Hochtchulen*) 




SOURCE: Received from the First Secretary, Embassy 
SOURCE. Rc ^ ^ derai RepubUc o£ cmmvy ^ . 
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APPENDIX 7 
TABLE 8 ■' ' \ 



Estimated transfers to 'different school* or training profranu 



Academic 
or 

profes- 
sional 



Voca- 
tional Other— Other— 
full' time Training federal misceU 
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career 


schools in firms 1 
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0.0% 


10.S% 64.3% 


1.6% 


23.3% 100.0% 
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Source; Kuhlewind, Mcrt eru» *nd Tcuarin |H 97 5^ 



SOURCE: von Dohnanyi, Klaus. 
Germany, p. 22. 



Education and Youth In the Federal Republic of 
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APPENDIX 8 

Science and Engineering Degrees Awarded In the 
U.S., U.S.S.R., Japan, and West Ceraany, As Available, 
1976, 1979, 1980 



TABLE 9a - 1979 Science and Engineering Graduates: Unltid Stat. . and th* 

Soviet Union - m 

TABLE 9b - [O.S. .nl IKS-S^] Earned Degree,, In X979: Training of_Engln.er. 
TABLE 9b ^;^ lclanB> and sklUed (Excluding Adult Eduction) 

TABLE 10 — 1976-1979-1980: Engineering Degrees Awarded for All Countries 
Discussed i 

V 
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TABLE 9a 

1979 Science and Engineering Graduates: 
United States and the Soviet Union _a/ 

Total S&E S&E Graduates Physical, 

All Fields Graduates As ( Peccenc Life Sci. & . Engi. Agri. 

of'Total b/ Mathenatics 



U.S. 1,000,600 179,700 17.9Z 93,600 62,800 23,200 

O.S.S.R. 790,000 416.900P 1 32. 9Z 49,800 306,800 ! 60,300 



ReceiveVl frcm SRI International during telephone conversation *vith 
staff mcober' on Oct. 27', 1981. i ' 

b / Calculated froa, columns 1 and 2. 
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TABLE 9b 

EARNED DECREES IN 157* 
TRAINING OF ENGINEERS. TECHNICIANS, AND SKILLED WORKERS 
(EXCLUDING ADULT EDUCATION) 
la Ihooainda 

USA ySSR ' 

,„_.,, "17 (wnn.) 12.0 C««lldai«tal^r*eeTtae 

Doctors hi fxtlmerjitti 2^ Iw— # 

< Diploma Engineers (Graduates i of 

<y ■■ 401.7 . HlaberTecbaleml'lMllUlelJ 

Masters u 1 1W " 

- iNo wrapoodlu« depeel 

Dacaclera , 53 -' 

White-collar Technician*. Graduale* 
«f Secondary Speclallied Schools 
. (Equivalent tf 2-3 years af U.S. 
, . . . 779.0 Technical Mltatal 

IN* correancndlna; traUlaf 1 . . . . ? 

Skilled Technical \Vxken$Prarf«s<« 
of Technical Schools "rf Sectary 
1103.0 Technical-Vocational Schools 
INo corresfvodlns tnln\*V 

Associate DeRreea la Science 
and EnRbeeriBjs-Relaled cof respond Ini train log I 

Curricula (Junior Colkfes) 103.7 „• • • " 

Skilled Workers. Graduates of -waas* 
Graduates of Technical- i M4 0 Tecliolcal- \bcalloaa! Schools 

Vocational Hleh Schools ? w * 

Trade and Industrial Programs 
in Hieb Schools 7 



SOURCE: 'or. I»* Wlr SZ up, Dep. of H.Wl«. The University of Chicago, 
'1981. 
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TABLE 10 



1976-1979-1980 
Engineering Degrees Awarded 
For All Countries Discussed a/ 



19 7 6 





Bach. 
Degree 


Master 
Degree 


Doctor Post- Total 
Degree Graduate 


Percent of Total 
Population 


U.S. b/ 


38,774 


16,021 


2,791 


57,586 


0.027 


U . GERMANY 


11,241 




8,058 


19,299 


0.03 


JAPAN 


68,126 




6,216 


74,342 


0.067 . 


U.S.S.R. 


N.A. 




N.A. 


280,400 


cf 1 .09 






1 


9 7 9 








Bach* 
Degree 


Master 
Degree 


Doctor 
Degree 


Total 


Percent of Total 
Population 


U.S. d/ 


62,375 


15,495 


2,506 


80,376 


0.037 


U. GERMANY 


N.A. 






N.A. 


N.A. 


JAPAN 


M.A. 






N.A. 


N.A. 


U.S.S.R. 


H.A. 




306,800 __c/ 


1.16 
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TABLE 10 (cont.) 



19 8 0 





Assoc. 
Degree 


Bach. 
Decree 


Master 
Degree 


Doctor 
Degree 


Total 




Percent of Total 
Population f/ 


U.S. d/ 


N.A. 


68,893 


16,243 


2,507 


87,643 




0.038 


U. GERMANY 


N.A. 


N.A. 


N.A. 


N.A. 


22,400 


e/ 


0.036 


JAP AH 


15,012 


73,468 


7,135 


657 


96,272 


2/ 


0.082 


U.S.S.R. 


SI. A. 


N.A. 


N.A. 


N.A. 


319,800 


cV 


1.2 



a/ UNESCO Statistical Yearbook, 1978-79, unless otherwise noted. 

b/ Vetter, Betty, and Eleanor Babco. Profeasional Wonen and Minorities, 
p. 139. 

c/ Received from SRI International during telephone conversations with a 
*taff~enber on Oct. 27 and 2&, 1981, and Apr. 28, 1982, respectively. 

d/ Received fron the National Center for Educational Statistics during a 
telephone conversation with a staff member on Oct:. 19, 1981. 

e/ Received froo the American Society of Engineering Education during a 
telepho"ne*conversation with a spokesman on Apr. 28, 1982. 

II Calculated by CRS. 
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' APPKKDEC 9 
TABLE 11 

1976 Sclcnca and Engineering Graduates! All Countrlae Diacusaed ■/ 

' SiE Craduatea — Phyaicttl,— 

Total, S«E Ai Perceoc Life Scl. , and 





All Pleldg 


Gra duatea 


of Total b/ 


Hathenatlca 


Engl. 


A 8 cl. 


U.S. cl 


997,500 


164,400 


16. 5Z 


98,200 


46,700 


19,500 


V. GERMANY 


207,7,19 


71,659 


34. 5X'. 


49,738 


19,357 


2,564 


JAPAN 


504,638 


133,561 


26.51 


30,182 


89,673 


13,706 


U.S.S.R. c/ 


734,600 


383,400 


52.21 


46,300 


280,400 


56,700 



N.A. Indicates chat data la not available. 

"__a/ UNESCO Statistical Yearbook, 1978-1979. Unless otherwise noted. 
Data only available for 19 76. 

b / Calculated from columns 1 and 2. 

c/ Received from SRI International during telephone conversation with 
staff meraber on Oct. 27 and 28, 1981. 
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APPENDIX 10 
TABLE 12 

Projected Market For Scientists and Engineers In 1990 
\ by Field and Level of Training 
\ (all scenarios)' 

\ and Hasttn DocloraHt 

H^icaiscieace. //..Adequate ***** 

Atrnosphcric 

Chrmk^ Adequate 

Geologic^ Adequate 

Phyiict and Astronomy Adequate 
_ . . \ Adequate Uncertain 

Chemical Adequate 

Civil Adequate 

Electrical Adequate 

Industrial Shortage 

Mectunical Adequate 

Metallurgical Adequate 

Mining * Adequate 

Petroleum Balance 

Other :.. ( • Adequate 

Mathematical Sconce* Adequate Adequate 

MathernalidiM.y....... Adequate 

Statisticians Shortage 

Compuier Profetsioni Shortage Shortage 

. Adequate Adequate 

LrfeScieneei Ataaie Adequate 

Agricultural Adequate V^L-. 

Biotogical Adequate Adequate 

Social Sciences Adequate • Adequate 

Ptychologista Adequate 

Other Adequate 

All Fields Adequate Adequate 

. • ***** «*» "P""« *~ h '*?**!T m .!^ «-»4 



SOURCE* National .Science Foundation and Dept. of Education. 

Engineering Education for the 1980's and Beyond, p. 
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APPENDIX 11 \ 
TABLE 13 



\ 

\ 



nojtrriaw or una cMWtrioti nan aian nwcATtOML imimiwii ItM thr*** i»w> 

(U TknM^O 



ratal, f«lH4* 4 f*rtU«l * til* 













«!'•«*< 


4 MMMIKl. C 




•ai-IMur* 




rml"fr«,. 










fad. •! 


* v,Ht.« a f 






»«_.a viiimi a viriiM i 




4111 


#01.1 


MM 


4J0.1 


•U.I 


11.1 


10. 7 


lit.* 




1 II. 1 41.4 


1*11 


KOI 


di.i 


■ t>vo 


44|,» 


4M.0 


11.4 


JJ.O 


111.* 




0 41.1 41,0 


mi 


low 


MM 


■41.1 


411.1 


441.1 


11. • 


U. » 


1M.I 
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4FI.I 


44*. 1 


14. 1 


11.4 


111.1 




.1 11.1 44.* 


IMS 


HN 


»04.4 


111.0 


4M.4 


411.* 


11. 1 


11. t 


Ml. 4 




.1 41.4 41.1 
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m» 


414* 


Ml. 4 


104.1 


111.3 


i».i 


tl.l 


44.1 


M4.1 




.1 ll.l 11.1 


1M* 


tin 


1*0.4 


441.1 


1M.* 


m. i 


■I. t 


41.* 


1*1.1 




.0 IS.l 11.* 


1M0 


4MI 


1*1.4 


4».o 


1*4.4 


111.4 


tl.l 


41.0 


404.0 




.• 14.1 ».» 




• 1 V.llMt * | 

r*ii»*al«*| 
f.r l*H - 


M)MllM>l »« 

VnU«i ■ pr 

i*r* inm 


In tikla l»-f. 




(fttlMf of 




i iv, r»»i« i*-*. 

null partlillM 


■*ln« 1m 




• IMm 



' M«rc.i una M*«Uti«* utiMtaa f«f > •( •**•» r*» f • M»»a*«4 la l*" »> im r,i«i|« Oa*j»«M»Mc 

Sl>li|wt, V.I. *■>•«« if IK« C«wh. 



SOURCE: Ailes, Catherine P. and Prancis W. Runhing. The Science Race, p. 188. 
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APPENDIX 12 
TABLE I A 



lcloac« IHirHi 
1»79 

1WO 



Doctor of 
1979 

1»W 



nojKcnoKS or uss» cajcdidati or iciaa wro docto* or 
ictiwa otctm awamoi 1979. uu *~» iw 

(la Thou Mad i) - 



rhyilcal I 
U.:= ZrAmacm* 




JLi , 2'« v. v-. 



SOURCE: 



Mies, Catherine P. and Fr.nct. V. Rushing. The Science Race, p 
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APPENDIX 13 

TABLE 15 — Effect of Engineer and Scientist Shortage on DOD 
TA3LE 16 — [Engineer and Scientist Shortage:] Impact on Defense Industries 
TABLE 17 — [Engineer and Scientist Shortage:] Impacts on, the Air Force 



SOURCE: Jack. Gansler. Shortages of Engineers and Scientists. The Analytic 
Sciences Corporation (TASC). (Unpublished.) • v 
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TABLE 15 

EFFECT OF ENGINEER AND SCIENTIST 
SHORTAGE ON DOD 

e DECREASED MILITARY PREPAREDNESS 

• INCREASED COST OF WEAPONS (DESIGN) 

o REDUCED PRODUCTIVITY (PRODUCTION) 

e DIMINISHED INNOVATIVENESS 
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TABLE 16 



IMPACT ON DEFENSE INDUSTRIES 



BETWEEN 252 - 35% OF ALL U.S. ENGINEERS AND SCIENTISTS ARE 
SUPPORTED BY DEFENSE WORK. 

SHORTAGES DISCOURAGE SMALLER COMPANIES FROM BIDDING ON DEFENSE 
CONTRACTS AND LENGTHENS SUPPLIER LEAD TIMES ' 

REDUCTION IN INNOVATION (PATENTS GRANTED TO U.S. CITIZENS «DOWN 
272 IN LAST 10 YEARS) 

INCREASED SALARIES AND TURNOVER CAUSE INCREASED COSTS (COMPUTER 
SCIENTIST STARTING SALARIES $30,000 - $35,000) 

IT TAKES ITOTO I ES . .PARTICIPATING .1 N.VLS I ..PROGRAM THREE YEARS 
TO PREPARE NEW ENGINEERS TO WORK COST EFFECTIVELY 



19-177 0-83-18 
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TABLE 17 



IMPACTS ON THE AIR FORCE 

"Me have started technology programs in the space countermeasures 

ARENA WHICH REQUIRE 15 ADDITIONAL TECHNICAL PEOPLE - WE HAVE 
ONLY BEEN ABLE TO ASSIGN ONE.' 

"AFLC ATTEMPTED TO CONTRACT OUT 264 MlNUTEMAN MlSSILE CIRCUIT 
BOARDS-- NO B, DS WERE RECEIVED. THE WORK HAD TO BE SCHEDULED 
IN-HOUSE, BUT/ BECAUSE OF ENGINEER SHORTAGES, THE WORK WILL; 
TAKE THREE YEARS VERSUS THE ORIGINALLY SCHEDULED TWO YEARS. 

-In another instance, AFLC lacked the engineering manpower , to 

PROMPTLY IDENTIFY THE NEED TO CORRECT DAMAGE LEFT AFTER PYLON 
HOLE REWORK. VilNGS ON THREE AIRCRAFT HAD TO BE RESKINNED " 
AT A COST OF $600,000." 



General Robert. T. Marsh 

Commander, Air Force Systems Command 



245 



APPENDIX lh 

Evaluations of Eleven NSf 
Science Education Programs 



SOURCE: NSF Office of Program Integration. 
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Title: A Longitudinal Study of Man: A Course of Study (5 vols.). 



Purpose: 



Sunrnary 



leSrn^Tat they retain, and how what was loaned was different \ 
from what they might have learned otherwise. 



HACOS was one of the ™re el.bor.ta ^.log.ntaV th.^new "clal studle^- , 
projects of the 1960s and """rjsjnjjj^^"."^; ° c Sntont and methods 
S^WaiSWti a'SuSc Mtion towards education. . 
The curriculum provides the opportunl ly ^fo^ tab. ob talnrfln 
wny ways. e.g. . from wr1 tg"^^ ^.irt Sithl?55d ti Interact w1 th . , , 
cusslons. It encourages students talearn em-solving role .rather 

The present two-year study ^^tiS.tlo".'" 1 .!!* wuqhfta^loS Stat 
^ JJSS - ^HSt^JS Maries 

might otherwise have had. 

A number of evaluative m^ods wen , used Including l,ff™f^™gfi* 
TE"?.. n eco r rdS S s of ST-" oAeacher and student 

IctlvUles and interest, and group discussions with classes. 
HACOS lessons were found to have been used qui ta variably by different 
teachers; some used HACOS Intact, others delusion* that can be 

Though the diversity of W enffint " °™h^«^ * 0 c°Sl studies skills, 
drawn. It was found that on generalized tests of social d that 

taking HACOS neither he ped ™r hindered average sl » he ' wers of 
MACOS classes In general did ™' ^^^SrSSta of Ho"hACOS classes, 
one's mind slgnlf cant y more ^n-^ d JS8™Wt«oJ tended to 

There was marginal Indication that stuoe "« "V , custDms or 

react more positively taward peop e who might have unu 
beliefs than those In non-MACOS classes wnen «=" 

During the course. HACOS *»\«^«$^l$!(S: The SEEK, 
classes on three "^"S^fr^S." social studies program less 

year, former HACOS students found the 1 r Present socia. comparisons 
Interesting than did f °™rMn-KACOSstude differences between the HACOS 
were made and. while there were s / n f^ a "|.°s"om process (what was done), 
and non-MACOS groups of classes ? 1, "3£ s ?.™5" fol loW-up variables, 

climate (what students thought of cesses), posttest .nd^ ^ 

■ SSr-S Tow^re S lelf f&ff^HACOS «!»«. 
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Title: % Evaluation of the PLATO IV Computer-based Educatio n System In 
the Cofnnunity College , Richard T. Murphy and Lola Rhea AppelT 
ITS', 1977. 

Purpose: The primary purpose of PLATO (Pr ogrammed Logic for Automated 
Teaching Operations) 1s to deTTver Instruction to students 1n 
an interactive manner through the use of student terminals 
located at sites at varying distances from the central computer. 
This report prrfvldes a description of the Implementation and 
demonstration at the community college level and an evaluation 
of the educational effectiveness of the PLATO system 1n terms 
of Its Impact on participating students. Instructors, and * 
colleges. 

Suranary « 

Based on the data collected 1n the community college project, the PLATO 
computer-based education system was Implemented and demonstrated essentially 
as had been projected 1n the Initial plans of the developers. Based on 
the analyses of data collected 1n 162 classes across the five targeted 
subject areas of accounting, biology,, chemistry, English, and mathe- 
matics, 1n four community colleges, and 1n the two semesters (Fall. 1975 
and Spring 1976), the PLATO system provided a medium for Instruction 
with substantial appeal to both students and Instructors. The PLATO 
system had no consistent positive or negative effect* on student achieve- 
ment or attrition. The cooperative effort. between Instructors and 
developers was successful 1n that a- substantial number of PLATO lessons 
were designed,, developed, and Integrated into ongoing community college 
courses in the five targeted subject areas. The. usage of PLATO by 
students and instructors exceeded the initial expectations of. the 
developers although the extent of usage In classes was somewhat less on 
the average than had been projected originally. Based on the personal 
Insights of the evaluators, the critical factor which accounted for the 
_Jii5h_acceptance and~usage- of- PLATO-was-the-control -that-1 ns tractors- had , 
and perceived that they had, over the use of the system. 
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T1 tie: 



Purpose: 



5 * ch0 ?J^i T^l^Son Tension) program was to btjlng the cost 
Controlled Information TeiM"" "I F"s affordable level fpr NN 
of computer-assisted 1"*^ cti ° n Slsseralnatlbn of compilterr 

most schools and thus encourage the mass disseminata ; , . . 

assisted Instruction by private Industry. rM 



Summary. ■• , 

This eveluat.cn covers the VWSS^ XSSSfX"* 

at two community colleges. • It contrasts tne P£™™£ of s1m11ar students 
classes taught primarily "y computer wi th Comparisons focused 

from •Ucture-dlscusslon sec «o«^ S ^ r se 5^ et£n>ates . student 
oiMWT aspects of s^*P°^ 0 ^ n ^ d J£ U a |tf vltf es. The evaluation 
achievement, student "titudes. and and examines the 

the computer. * 

A f ter several ^^^^^J^rJ^^ 
expressed uncertainty that tte.TT.CC IT prog ram v computer- 
Instructor duties. In *^*" ^^toctT program.: would benefl t them. 
- ffAiK^ to th. 

K^s^ 

results of this evaluation suggest gt^TO Lg gfeja^ r 
inappropriate for conning collftyw^ogrSSlttd substantially froa 
Initial familiarity wl ft ™M«tMtto Kmm less benefl t from 
courses offered under the ^Tjyftan J^fi^T continuation of 
exposure to the program. ^.^"^YSTcounterexample to the course 

SY^S."S5Sr«?SSf S5SS? M • r """- mwn 

results. 
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T1 tl e: Th£ PLATO Elementary Demonstration Educational Outcome Evaluation , 
Spencer Swinton et al. ETS, 1978. 

Purpose: The document reports the results of a five-year evaluation of 
the Elementary Education Demonstration of the PLATO computer- 
based Instructional system. 



_S urinary ^ 

The developers of PLATO pjaced terminals and ancillary devlcesln elementary 
classrooms 1p, the Champalgn-Urbana area. Two groups of curriculum 
developers prepared lessons 1n 'beginning reading for children from . 
kindergarten to grade two and 1n mathematics for children 1n grades four 
to six. 

Two major findings emerged from this evaluation: 

1. The PLATO Elementary Mathematics* Curriculum was a clear success 
when delivered In an "add on" mode, and was particularly successful 

when integrated with teacher mathematics coverage. The PLATO ( 
system demonstrated that 1twas capable of teaching , as well as of 
providing drill and practice of concepts already introduced by 
classroom teachers. 

2. The p LATO Elementary Reading Curriculum demonstrated negative Impact 
v pn flrSt-grade reading achievement in the pilot year and on kinder- 
garten reaping readiness achievement In the first semester of the 
demonstration year, . Ho effect on attitudes toward reading was found. 

In addition to the principal .findings, one conclusion 1s offered. 

N Teachers and students were gulte positive about PLATO and Its 
potential. Evaluators concurred that the medium 1s attractive, 
flexible, highly Interactive, and offers Immediate feedback to 
lesson authors. The evaluators recormiend support of such use. 
However, without considerable cost reduction, PLATO IV does not 
appear to be in economically viable delivery system for 
elementary schools. 
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Title: An Impact Analysis of Sponsored Projects to Increase the 

Participation of Women In Careers In Science and Technology. 

Purpose: To "evaluate and assess the Impact of 12 exp^inwntal projects 
purpose. £ s1g * ed a £ mcrease the number of women pursuing science- 



related careers. 



Sutnnary 



-The methodology used to conduct the evaluation included a ssessm * n *°* 1njl _ 
S^£ffiuKtSt%1t« visits, a l»rttc1panM ffi c^^ 

wmsmamim 

to permit definitive conclusions- 

The report- contains.* synopsis of each of ^^^^^uf ^n^S^/the 
Includes, a description of ^ project.as 1 twas^on^inany 1mp1ementa ^ 

curriculum products 1n other settings. 

Given the e*pnas1s on P^^/^n^a S^m^** 
that concentration on high-ability wocnen 1s a jeans-xic P™9 between 

l X?^ s l«™^ Mreers - 

The genera, conclusion of th/s^dy ^*Jtf^tX^ZS* , 
should be anpnasrzed n high school years, reinro . , institutional 

rsittJ^J^ 9 ^^™^™ under certa1n 



mature v» 
strongly 
condi tions 
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Title: An Analysis of Supported Projects to Test Methods for Increasing 
the Access, of Ethnic Minority Students to Careers 1n Science. and 
Technology. ' 

Purpose: The goals of the evaluation were threefold: to document the 
experience of the several projects 1n order to make £hat 
experience available to future efforts; to weigh the potential of 
. each project's Intervention strategy for more general application; 
and, to reconmend to NSF both policy and administrative changes 
which would Improve procedures for the evaluation of new experi- 
mental project proposals. 

S unwary 

The work was comprised of two parallel Initiatives. One Involved the 
attempt to provide a context for the Individual intervention efforts by 
examining the experience of a wide variety of other projects and collecting 
background information related to the typical educational outcomes of 
minority' students as they proceeded through their schooling. The other 
effort was the documentation of the Individual projects and Included 
b visits to the project sites and extensive Interviewing of both staff and 
participants. 

The report Included detailed case studies of all eleven projects and also 
brought together information from a wide variety of sources related to the 
educational experience of White Americans, Black Americans, Mexican Americans 
native Americans, and mainland Puerto Ricans. "Typical Education Flow 
Pattern" diagrams summarized- the various groups 1 experience from first 
grade through graduate school and were utilized to compare retention rates 
among the five groups at various stages of the education flow. A discussion 
of the major deviations 1n experience was Included along with suggested 
priori-ties for remediation- 

On the basis of the experience of the eleven projects studied, a number of 
common problems were cited including lack of a credible evaluation plan 
designed to survive potential project Implementation difficulties; failure 
to take advantage of the state-of-the-art of the techniques being considered 
for use in Implementing Intervention strategies; lack of recognition. that 
compromises "in choosing project participants can change the thrust of the 
project; and, the need to consider the potential consequences of project 
failure for all Involved. 

Policy recommendations dealt with the advisability of expanding experi- 
mental programming efforts 1n the mlnorl ties area, the need to increase the 
participation of minority researchers and Institutions 1n the search for 
new -intervention strategies, and the advisability of HSF assuming more of a 
role as a resource for the purpose of raising the quality of potential 
projects. In addition, there were a number of administrative recommenda- 
* tlons which could serve to Improve the technical level of proposals and 
Increase the probability of success of those experimental projects actually 
funded. 
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Title- An Analysis of Ethnic Wnorlty. Women, and "^^PP^J^Jl^v 
TU1C Representation In the Undergraduate Research Participation (URP) 

and Student Science Training (SST) 6rant Programs of the National 

.Science Foundation. 

Purpose: To determine the extent to which nlnorlly. wonen. and handicapped 
Purpose. "^""^^p^ 1n ^ SST and URP programs and. If gj" 

groups are found to be ^underrepresented, to make ameliorative 

policy recommendations. 



and 25 of the 3D successfully Interviewed. 

£"ne bfoTogy «*1ch5as specifically for the ft^^K*^" 
there are many more handicapped students with Interests ." other. JilS I- 
arias who did not find the standard programs attractive. W^n seemed to 
Participate In URP programs 1n approximate proportion ^ their presence as 
Science majors In the -host departments, but that proportion was somewhat 
smln" ttan^omenTpartlclpatlon 1„ the high school level SST programs. 

The number of minority students, was a reasonable proportion of the total 
In the two progrS^ .tat It iris found that they participated heavily In a 
handful of the projects and hardly at all In the others A "umber of PO s 
had actively sought ml nor 11y participants. Most had s mply Inc uded 

minority Institutions on their mailing lists and ne^^^JIS* : 

success^ but two URP and several SST ' PD T 5T«nip»dTnuTDI»^nd I., 
person at locations with a high proportion of minority enrollment and had 
far larger response. - 



It had been noted that few minority 1nst1 tutlons participated 1n the SST or 
URP programs and attempts tp detennlne some of the reasons .for tMs failure 
yielded tte following picture: Instructors at m norl* l"*^* 0 ^^ 
a laroer than usual teaching load and thus have less time for individual 
re arch. orVro osai writing while there i» '^^S^ 
ment with NSF since there 1s the Impression that SST and URP grants go to 
ttS nSuStlinally elite 1nst1 tutlons., that most of those are renewals^and 
that there is very strong competition for the relatively few new grants 

Kr. This .agression was Investigated during this ^na lysis 
and found to be substantially correct: 30X °* the SST and 22X of the URP 
grants were first-time awards; the remaining 44 projects averaged about 
7-1/2 years of previous funding. 

The recommendations centered around proposed methods for ex V* n *\"lJ h * xmnno 
number of SST and URP client Institutions, promotf no areater Interest among 
women, minority and handicapped students, and assisting PO s 1n their 
efforts to recrul t minorl ty participants. 



J 

i 

/ 
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Title: Panel Evaluation of Nineteen Pro-College Curriculum Development 
Projects. December 8-12. 1975. 

Purpose: This report details the eff ort s of the National Science Foundation 
to evaluate nineteen pre-college curriculum projects* 



Summary 

During the week of December 8-12, 1975* 73 people met in Washington, D.C. 
1n seven panels to assist In a review and evaluation of the 19 p recoil ego 
curriculum development projects currently being supported by the National 
Science Foundation. This review was responsive to guidance from the Congress 
and from the National Science Board (MSB), the foundation's chief policy- 
making body. 

This report documents the reason for the review, Its organization, and the 
reviewers 1 responsibilities. It also contains the full report of each 
panel. Individual panelists 1 cenments, the perspectives of the directors of 
the 19 projects, and descriptive material about each project* -.. 

Seven panels were formed to perform the review. One panel dealt with each 
of the areas of: elementary mathematics projects (e.g.. Unified Science 
and Mathematics for Elementary Schools); secondary mathematics projects 
(e.g.. Sourcebook In Applied Mathematics and social science projects 
(e.g.. Exploring Human Nature): Because of the large amount of material to 
be covered, three panels dealt with secondary science projects (e.g., 
Individualized Science Instructional System).. The seventh panel consisted 
of publishers of elementary and secondary school science curricula, (e.g., 
Technology-People-Envlronment),. 

The reviews were addressed to several questions. Including the following: 

Do a genuine need and market exist for these In structional 
mater l*irr~ ; I ; """" 

- Is the c onteptJ)g_the-lnstr^ctloM 

correct and educationally sound? 

Are the proposed and anticipated outcomes of the instructional 
materials desirable? 

Do these Instructional materials present Implementation problems 
for the schools? 

What are the general Impressions of the curriculum? 
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Title:- Status Studies of Pre-Collece Science, Mathematics and Social 
Science Educational Practices 1n the U.S, Schools (1978) 
7 volumes.' 

Purpose: These studles.were assembled to determine the status and needs 
of science, mathematics and social studies education 1n the 
nation's elementary. Junior and senior high schools. 



Summary • 

In .1976, the National Science Foundation funded these three projects,, 
baaed on different methodological approaches, to Investigate the status 
of science, mathematics and social studies education 1n American schools. 
The overriding theme of these studies 1s that serious attention needs to 
be paid to Improving the quality of precollege science, social sttjdles 
and mathematics education; However, Improving quality Is not simply a,, 
matter of developing up-to-date curricula, the problem is much more 
comprehensive than curriculum alone. It Involves understanding the_ 
critical and essential role that the teacher playsln classroom Instruc-. 
tion and 1n pioneering the. development of nwjwj™^ 0 "*]^*^! ^ 
It also Involves acceptance of the fact that the ^textbook Is f «ntral to 
Instruction. Furthermore, it must include consideration of ^importance 
of sSdent motivation and the teacher's need to foster p *«entf veness and 
responsiveness 1n students— even through teaching those skills, it 
necessary. 

Other issues that need to be faced Include those of serious P«"^J" 
shortcomings and in-service training needs; the related problem of the 
misassignment of teachers and courses; the optimal use of J^te and 
evaluation procedures; and the. influence of the overall organl zational 
makeup of the school on precollege education. \ 
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Title: What Are the Heeds In Precollege'Sdence, Mathematics, and Soda! 
Science Education? Views from the Field (1980)" - 

Purpose: The purpose of this publication was to serve as a vehicle to aid 
1n communicating the findings of the status studies to different 
audiences. 

v . 

■ Summary . 

This document presents a compendium of nine Interpretive overviews of the 
earlier status study publications. ■ - ... ' 

This report suggests a number of strategies to enhance education 1n science and. 
mathematics at the precollege level. The recommendations that follow are 
those that appeared most frequently: 

1. Federal and state agencies should provide support on a competitive basis 
to colleges and universities to conduct workshops for lead teachers 

arid supervisors 1n schools that make commitments to organize subsequent 
in-service training; programs using these personnel. Workshops should 
focus on subject* matter and classroom techniques. 

2. Teachers should be central figures In research— but not only as "subjects." 
They should be partners 1n the research enterprise. Teachers should be 
Involved to a much greater extent 1n the process, of defining needed 
research. 

3. Efforts are needed to make more effective use of the textbook as a 
central feature 1n the education process. 

4; A recommended solution to the lack of teacher time 1s to provide 

paraorofesslonal assistants. (Paraprofesslonals can perform such duties 
as setting up and taking down laboratory and demonstration equipment, 
maintaining storerooms, checking Inventories, ordering supplies, pre- 
paring reagents, making minor repairs, maintaining -equipment, dispensing 
storeroom supplies to students, and maintaining aquaria, terraria, and 



animal cage s 



5, A commisslon/should be established to reexamine in depth the goals and- 
purposes of American elementary and secondary education. 

6, Greater support is recommended for NSF Institu tes for teachers, both to 
increase their knowledge of subject matter and to improve their skill 
1n teaching the new courses that will be developed In the future, 

7 The Education Department could earmark funds for state departments of 
edition to award to schools seeking 1 to upgrade science programs 1n the 
elementary and junior hign scnools. 

8. It is recommended that efforts should be made to identify gifted 
ornnWall y disadvantaged students, early 1n weir schooling, so 
as ttf ensure that tney wi 1 1 be artor ded adequate opportun ties to 
prepare themselves for admission to scientific and technological 
programs in college. 



256 



ti*i*- Oversight and Evaluation of Resource Centers 1n Science and 
TUl6, Kelrlng: A Progress Report to the Congress (January 
1980). 

The purpose of this report 1s to provide an evaluation of the 
RMourrp Centers for Science and Engineering to find now well 
?he center conclpt is working and whether the establishment of 
more centers would be desirable. 



purpose: 



Summary 



undergraduate and the graduate level- \ 

resource 1n science and engineering- for tne v» under- 

ment of joint educational programs. w1 th nearby preconege 
graduate Institutions, 

•scars » wj«<»«»«sl».\ 

Major recomnendatlons are the following. \ 

XC Is strongly recorded f^^^^.^SSSSS 1 
request funds to Implement a minimum networ* ox « 



Centers 



It is recorded that n R "° u ?« ^^bate on wh£h 

tions which have or show potential for a strong nvolvement 
the Center could be Wilt; evidence of signiri «" m1em 
of appropriate P e " on %i" ^ e c ^ g V 'c a srthat ?he Resource Center 
* MrSffS^tS B f^ a t.t..n and In the region. 

by requiring ex ^ns1ve evaluations at ^h1 s^ar.y^ ^ ^ 
StKYnd & SSE 3£R *"* "-eloped. 
' It Is recorded that th. > Advisory ^^/^Wthw. 
Centers as well as other programs. 
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APPENDIX 15 



Eo|]B«ri«| Faculty Fict Serious Shortages 




Field 



AEflOMimCAU 
A5TRQNAUTICAL 
-r 



r r i 
5 10 IS 20 
ft of Faculty Portions Vacant, 1980 



White ibc number of B.S, Englaetn ktepi bcmilai ... 
(hi alirnlD| drop la Ph.D. drgrtta beconn morr pronounced. 

31 

31 
34 

32 
30 

» 
II 

24 




•Number of Bi. 
(thouiinds) 



■ * ' ■ ■ - * 



70 71 72 73 74 J 75 Tfl ■ 77 78 79 80 
YEAR 

taw^i* amn atmam. i uimi ' ; 



Median Sal»rlej{MioMWO) for " 

AtiliUaf Professor y g Betlnalai Eaglaew, 
4 yean after B&Deptt * byladulry 



^*»'T.rH0f.Pll.P,IHST)l, 



Eaploylag America's Eatlaeeri 
lYSECTORJtM t JLhiil" 



111,290 

4 pi. the* I.I, 



Tout: 1.4l 



, <«* 125 
FidmlGovfffawttf.7ft i 

'OtbtT 9jn / 120 



1 1 1 h 



0 5 10 
[ALL ENG1HEEBS 



15 20 

sussel 



lftousud 
1 DdIIm 



25 





1970 172 M 7© ?5 80 
m* . I YEAR 



I 



SOURCE: From a compilation of information presented with (the testimony of 
, Dr. Edward David, President of the I'xxon Researcji Co., at hearings 
on H.R. 5254 before the House Committee on Science and Technology, 
Subcommittee on Science, Research and Technology; on April 27, 1982, 

' I 

_„ , — / 
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APPENDIX 16 
TABLE 18 



"» National Science Foundation 

Science and Engineering Education Directorate: 485/ Obligations, 486/ 
Fiscal Years 1952-1983 



(In Millions of Dollars) 
u5 1968 — $124.8 

lt 4 1969 — 106.5 

1b9 . 1970 — 120.2 

1971 — ' 68.8 

1972 — 93.7 

1973 — 62.2 

1974 — 80.5 
l959 - 61.3 1"5 - 74.1 



1952 — $ 
X953 — 

1954 — 

1955 — t 2.1 
19 56 — 3.5 

1957 — 14.3 

1958 — 19.2 



i960 — 63.7 



1963 — ■ 98.7 



1976 — ' 66.1 



1961 - 63.4 1"7 ~ 74.3 

1962 — 83.6 ' 



1978 — 73.9 

1979 — 72.4 



1964 - 111-2 1980 - 73 ' 8 

1965 — 120.4 I 981 " ZPjlL 



1966 - 124.3 1982 - 20.9 

T967"^~T23.4 : ^ 1983 - .30.0 



OJ, The 0-ectorate Has been called ^^^-^ S'^/^ri: 1 " 

486/ The figures, which have been rounded, were received through a telephone 
c*owersation with n spokesman at NSF on June 20, 1983. 

o 
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